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The us Book. 


egen, the Theory of 10 
Secondary Nlanets. 5 


| pu G in our Firſt Book laid the true 


and genuine Foundations of Phyſical 
Aſtronomy ; explain'd in the ht rag 

Book the Phenomena of the Firſt Motion, or a 
rances of the Primum Mobile, which ariſe 
trom the Motion of the Earth about its own 
Axis; and given the Theory of the Primary 
Planets in the Third Book; that is, how their 
Orbits are deſcrib'd, and how their Places are 
determin'd if the Obſerver be ſuppos'd in the 
__ or in any one of em; and alſo how to 
Aaa + define 
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Aefine the Magnitude, Denſity, and mutual Di- 
here of the Primbatty.Planers, and other fuch 
things: That we may £0 on in Order, we muſt, 

An W Foilcth Boch ne the Theory bf the Se- 

eondary Planets, which go round the Primary 
ones. Altho the Motion of every Primary Pla- 
net be ſimple enough, as being (like a Projectile 

Motion) com Buna of an uniform progreſſive 

Motion in a N to its Orbit, 

- and another motion of deſcent by which (as 
attracted) it tends towards the Sun, their im- 
menſe diſtance from one another” rendring the 
effect bf their mutual Action or Gravity on each 
other infenſible ; that of the Secondaty Planets 
Mey be quite otherwiſe. a For tho every one of 
| ends moſtly to its reſpective PrimaryPlangt; 

-*Fet 10 15 ur i dds the Sun by the ane K. 
celerating Gravity as its Primary, when at the 
"Tame diſtance, by a Tefſer Gravity when at a 
_ greater diſtance, and by a greater Gravity when 
At a leis diſtance. From this different :endenc 


5 May. the Motion of a Lech dary Planet be- 


4 


comes very complex, and has luch.| ualities 
as the ee to account $4. their 
n ſooner than the Philoſophers cou'd 
explain them from Phyſical Cauſes, till ** Mee 
Newton was ſo happy as to do ii. 1 
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Of the Errors which the Sun produces in 
the Motion of a Satellite, when its Orbit 
is concentric to its Primary Planet. 
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ihr ov PROOST IN I. | 2 
Ia Primary Planet revoluing about the Sum car 
rie, with it à Satellite, this Satellite will be fo 
mov d about the Primary, as tu be continually attele- 
rated from its Quadrature with the Shy to its neut 
Comj unct ion or Oppoſition ; but from the Syzygy to the 
Luadratere it will be retarded t+ Thirefort the Catel · 
lite will move: ſwvifter near the Sytygies; and flower 
n Jes rasen 
Becauſe it has been ſhewn in Boat 1. that in 
theſe three Bodies, viz. The Sun, a Primary 
Planet, and its Satellite, the attractions of any 
two on the third were to one another recipro- 
cally as the Squares of the Diſtances from it; it 
is manifeſt that the Caſe of this Propoſuion is 
.the ſame with that of Prop. 60. Book | There- 
fore if, as here ¶ in Fig. 1.] S denotes the Sun, 7” 
a Primary Planet revolving in the Orb E TE, L 
a Satellite deſcribing the Orbit BCG D round the 
Primary, in which the Points B and G denote 
the Syzygies with the Sun, C and D the Quadra- 
tures: If S K, the middle Diſtance of a Satellite 
from the Sun, be put for the accelerating At- 
traction of that Satellite from the Sun in that 
middle diſtance, and L be ſuppos d any Place of 
the Satellite in its Orbit, upon LS producd 
take 8 4, which muſt be to S X in a duplicate 
Ratio of S K to S L; and this $ 4 will denote 

1 Aaa 2 the 
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the atttaction of the Satellite L when it is to- 
wards S. Join L, and draw parallel to it A M 
meeting S Fin M. It is certain that the attra- 
cion 5 may be reſolv'd into the attractions 
A and 15, with the directions of theſe lines; 
of which that which is expreſs d by MS, is reduc d 
to the atraction AN, taking away the attraction 
NS, common to the Satellite and its Primary Pla- 
net; as it has been amply ſhe wn in the ſaid 60 Prop. 
of B. r. The Satellite therefore is thus ated upon 
by a triple Attraction: The firſt and principal js 
that by which 7 draws L; the ſecond is as AM 
in the direction 4 M, that is, with the direction 
LT parallel to A. Whence it happens, that the 
Force compounded of theſe two is alſo directed 
towards ; and if the Body L was acted upon on- 
iy bya Force compounded of thoſe two, it wou d 
then deſcribe Areas about 7 proportionable to the 
Times; by Prop. II“ B. 1. But the Satellite in J. 
W alſo urg d by a third Force, which is as MN 
whoſe direction is from 2 towards N; that is, 
from L cowards (ſuppoſing LF parallel to 
M N;) which as it dees not tend to 7, ſo nei- 
ther does the whole Force compounded of theſe 
three, namely, that by which L is truly urg'd, 


tend t0 7: Therefore the Satellite L will not 


deſcribe: Areas about T proportionable to the 
Times; but this Force which is expreſs d by 
MN will diſturb the deſcription of Areas pro- 

rtionable to the Times; for in CG the Qua- 
rant of the Semicirble CG D it will accelerate 
the motion of the Body L about 7, when it 
moves from C to G; but after the conjunction 
at & in the Quadrant G D, when the: direction 
of the Right-line L F from L to F is forward, 
me Force acting along, it retards the Motion. 
When the Satellite is come to the Quadrature 

1 $ 8 2 | in 
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in D, "MN vaniſhes, (becauſe: then $K; S L, 
and alſo & & are equal) and therefore the effect 

of the Force expreſs d by it is nothing; therefote 
now the Satellite L acted on by the other Forces 
deſcribes; wich the Radius that carries it, Areas 

rtionable to the Times. But when L goes 

thro? the Quadrant D B, S M goes off from & N, 
and the Force diſturbing the deſcription of che 

Area by the Radius 7 L that carries the Satellite 
(and hiridring it from bein proportionable tothe 
Time which is as M N) has its direction from 
M to N, or from L to F, (that is backward) 

and therefore retards the Motion of the Satellite 
in the Quadrant: but after the oppoſition in B, 
LF tends forward and retards the Motion, till 

in the Quadrature at C, MN vaniſhes again, 
therefore its Effect ceaſes. Again, ſince the 
Force M N hindring the Radius T L from de- 
ſeribing an Area proportionable to the Time 
(whilſt the Satellite is going from C to G, or 
from D to B) is continually increas d, and is 
greateſt in G and B, and from thence is conti- 

mually diminiſh'd till the Satellite come to D or 
C, were this Force vaniſhes ; it is plain that 
the Motion of the Satellite ſo dültubd 3 is the 
ſwifteſt (cæteri paribus) in the Syzygies B and G, 

ah loweſt 1 in he . D. Lb. 


PRO POSITION II. 


Hings being as before, the Orbit which the $a: 
T tellite L deſcribes round its Primary T, is more 
curve in C and D, the Quadratures ers the Sun, 
than in the Syzygies Gand Bc: 
For the Satellite L, becauſe it moves ſwifter 
in the Syzygies than in the Quadratures, will 
leſs deflect from a. Right- line (which it wou'd 
— by the Force impreſs d only) in the 
a a 3 firſt 


= 


— 


Ti 


firſt han in the laſt; that is, the Orbit of the 
Satellite is leſß curve in the Conjunction and 


Qppefition than f | che: Quadratures. But * 


eroater. Curxity is alſo owing to another cauſe: 
the-Forge MN (of which we ſpoke in the fore- 
going Propoſition) in the Conjunction and Op- 
poficion at G and B is contrary to the Force by 
Which the Body T draws Z, and therefore di- 


mitiſhes it; Whence the Body T is leſs puſud 


towards 7 gt G and B, than at C and D; and 
therefore will leſs deflect from a Right - line in 
the firſt than in the laſt. : Therefore the Satel- 
lite s Way is more cutve in the Quadratures C 
and D, than in the Syzygies B and G. 857 
Free 
From What has been ſaid it follows, That the 


the Primary Tin the Quadratures than in the 
Syzygies J Fig. 2.] Therefore the Orbit of the 
ellite about its Primary, is in a manner Ellipti- 

cal, the Primary being in its Center, the greater 

 Ams being between the Quadratures with the 
Sun, the leſſer between the Syzygies; and ſo the 

Ortitis more curye in the firſt than in the laſt caſe. 

And the encreaſe of the celerity of the Satellite 

near che Syzygies will, in this Orbit, be diffe- 

rent from what it wou'd have been in the cir- 

cular Orbit of the foregoing Propoſition, be- 

cauſe the direction of the Force M N accelera- 


__ retarding the Motion of the Satellite, is 
Hfferent in this from what it is in that. 
What bas been ſaid here of the Figure of the 
Oxdit of a Satellite about its Primary, is only true, 
5, excluding the extrinſecal Force of the Sun, 
us Orbit is concentrigal with the Primary Pla- 
net. For if it be excentrical, it may happen by 
foaſon of chat exceruricity, that the Satellite 


8 ; ſhall 


A A wot Xt A, -—- fe PH Hes, hx 


ellite L , (caters 3 ) recedes farther from 
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2 farther from the Prima 

from iv ſhall move flower lrg tt | 

in che Quadratures; namely, When the Satel- 
lice has its greateſt Apſis in ĩts Cotyundtion. or 
Oppoſition with the Sun. But here alſo what 
was before demonſtrated will, haue plage ( cæreræ 


rh for exen they by teaſon of the 190 
and 
hare 


* 


Farce dN the Satellite will move 


come nęavor ta its Primary than it wou 
ut it. 


one Arn. die ie 70 af fer 
This aforeſaid. Elliptic Figure of the Orbit of 
a Satellite was; .obſerv'd. in the Moon by. chat 
moſt ingenious Aſtronomer Dr. Halley, who in 
the Year 1679; firſt of any. body, -publiſh'd it in 
his Treatiſe concerning the Emendation of the 
Moon's Theory. But the Hiſtory of the Academy 
of Sciences in France, publiſh'd in 1698, ſays, 
that Mr. Picard had made the ſame Obſervation 
long before, namely in 1668. . e 
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e 
Of the Errors which the Sum produces in the 


Motion of @ Satellite, when its Orbit is 


"excentric to its Primary Planet. 


F the Orb of the leſſer Body L 65545 be not a 
Circle concentric to the great Body T, but 
an Ellipſis, in one of whoſe Foeci the Body T is 
plac d, the Forces of the greateſt Body S will ſo 
diſturb that Body L, that inſtead. of a conſtant 
and unmov d Elliphs, which (by Prop. 39. B. 1.) 
it 1 to deſcribe, it will deſcribe an Ellipſis 
whole excentricity will continually be chang d; 
and that Orbit of the Body L ſo diſturb'd will 
1 1 | Aaa 4 be 
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be che fame; #5 if it ſhou'd deſcribe its Ellipſis 
dt the = * = Av Axis of —_— i 
Tam che Elliphis itſelf) is by an angular Motion 
red; Aral tr or Weed upon the Center 
of che Primary, the Plane of the Ofbit conti- 
ning the fame; chat is, in che Aſtrönomical 

Pfrafe, The Motion of 4 Satelſite chat deſcribes 
an excentric Orbit is ſo "diffarb'd by the Sun, 
that whülſt che Satellite goes thro' its Orbit, the 
Apſes of its Orbit are ſometimes carried in con- 
[eque#tis, and ſometimes in antecedentia. © To 

bye this, the thing mult be farther ferch'd and 
Lemma laid down; OOO 

Sou nn Prorogitron WE: 
Nes find ib. Len of the Contripetal Free, by 
1 whoſe Alon a Body may be mov'd in any Tra- 
tory ve volving about the center of the Forces, whilft 
"another "Body l mod in à ſimilar and equal Fra- 
jeckory which « at reft. © n OPEN [21k 
Let ALP (gg. 3.) be the Trajectory at reſt, which 
the Body T tending to the Center of the Forces 
ſcribes, going from A thro' L towards P. It is 
requir'd to find the Law of the Centripetal Force 
eending'to T, by means of which another Body 
hall bs carried in the Perimeter of the figure a/p 
Imilar and egual to the firſt, whilſt at the ſame 

ime the ſaid” figure 21 p revolves about 7 back- 
ward or forward; in ſuch manner that whilſt 
the firſt Body goes thro' any Arc, as AL in the 
Orbit 4 LP, which is at reſt, the faſt ſhall de- 
eribe a ſimilar and equal Arc 41 in the revol- 
. Ter T}, keeping always equal to TL, move 
about the Center F in the Plain A C7; and al- 
Ways make the Angle 47! proportionable to 
the Angle 47 L; that is, i uch manner that 


This Angle ATI may be to its corteſpondent AT'Y 
r n n 0 
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as tiny other Angle 4 T / to any other correſpon- 
ctit 47 L. Therefore the Area, which 7 / (thus 
fried in an angular Motion about 7) deſcribes, 
will be proportional eo that which 7 L deſcribes. 
Let AI EGA be a Curve which the Point I, 
moy'd as has been ſaid, touches: Now becauſe 
the Body which is urg d by a Centripetal Force 
that tends towards T is revolv'd along with L, 
the Area AT LA (by Prop. 1 I. B. 1.) will be pro- 
portinable to the Time; but it is alſo in an un- 
moveable Plain, namely, that in which the Body 
I qrevolves about 7; that is, the Motion of the 
Point ! is ſuch, that it is always found in the 
unmoveable Plain drawn thro 7, and make the 
Areas ATIA (deſcrib'd by a Radius drawn 
. thro' T) proportionable to the Times. There- 
fore (by Prop. 12. B. 1.) it is manifeſt that a Body 
being acted upon by a due quantity of Centripe- 
tal Force, may revolve together with the Point / 
in the Curve AI E GH, which the Point /deſcribes. 
But this Curve AI EG His given, as being gene- 
rated by the given Line 4 LPA in a conftant and 
given manner; therefore let the Law of the Cen- 
Aripetal Force by which a Body may revolve in 
the ſaid Curve be found (by Cor. Prop. 37. B. 1.) 
Let the Angle 4 Ta be made equal to the Angle 
*77Tl, and the Line T to TA; and then the An- 
gle will be equal to the Angle ATI. Now 
ler the Figure 2 LI be ſimilar and equal to A LT; 
therefore the Point I is in the Perimeter of a Fi- 
| 8. ſunilar and equal to 4 LPA revolving a- 
out 7. Therefore a Body carried along with I, 
and deſcribing the unmov'd Figure 4/ EG, 
deſcribes alſo the Perimeter a/p- of an Orb 
milar to A LPA and revolving about 7; fo 
hat the Arc a1 is deſcrib'd i the revolving Orb 
al pa; at the ſame time that its ſimilar and 


equal 


a 
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equal A L is deſerib d by another Body in the 
Orb A LP 4, which is at reſt. Therefore the 
Law of the Centripetal Force requir d is found. 
een 
Pops TION IV. LENMA., ... 

ke difference of, the Centripetal Forces, by which. 

- 3 tuo Bodies may be 2 meu d, the. one in a 
luieſcent, thy atber in 4 revolying Orb (which. is, 

1 — in 9 Propoſition) 4 in 4 Triplieate 
10 


Proportion. of the comman Altitude iner. 
All ehings being as laid down in the foregoing 
Prop. I lay. chat the difference of the Centripe= 
Forces, by which che Bodies L and ] [ fg. 4. 
x6, 2&ted upon, are e in 2 Triplicate 
tio of the common Heighe Lor 71; or 


* o 


and. 1 is to the difference of the Forces in any 

ther Points of the. quieſcent and, revolving 
Oy Where the Bodies will be found at the 

ame. moment, as the Cube of the Height or di- 
 Rance of thoſe Points from T the Center of the 
Forces, to the Cube of the Right-line LT or 1 7. 
„Les the very ſmall equal Arcs L B, and Ih be 


taken, which therefore will be deſcrib'd by the 


Bodies L and in very ſmall Times. From B 


and I draw B E, be perpendicular to TL, TI, 


which will be equal as well as LE and le. In 
the Line he . towards h if occaſion, re- 
quire) take the Point C, ſo that Ce may be to 
b e as the Angle 4 TI to the Angle A T L. Now 
becauſe each motion of the Bodies in the places 
L and 1 is diſtinguiſh'd into Two, of Ack One 
is along the Lines LT, 17, and the Other tranſ- 
verſe to the firſt, along Lines perpendicular to 

T,l be motions towards the Center will 

a 


be equal, becauſe, by ſyppolition, L 7: 7 775 
* IX. 4 | 4 
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the difference of the Forces in the Points &; 


and'Deerements are equal. And the tranſverſe 


Motion of the Body ] will be to the tranſverſe 


motion of the Body L, as the angular motion 
of the Line Ito the angular motion of the 
Angle 47 L, or as Ce to be or BE. | 
therefore in the fame time that the Body L, by 
its two Motions comes to B, the Body / will be 
found in the place C. And this will happen, 
where the Bodies E and 7 are equally mov'd a- 
long the Directions L T, IF; that is, when they 
are acted upon by equal Centripetal Forces: 
Bue When the Point Þ (the place of the Body 
deſcribing the Revolving Orbit) is found (bythe 
foregoing Propoſition) by taking the Angle 17D 
in that ſaid conſtant Ratio to IT (viz. the Ra- 
tio of the Angle 45 T to AT I) and the Right- 
line 7 D equal to 7% or T'B, (the Figure 41 
and the Line I being in this caſe put for the 
Figure A L and TA in the other; ) the diffe. 
rence of the Centripetal Forces of the "ha 


in 
or I, and that of the Body in P, is as its of 95 
namely, the Interval of the Places thro*Which 
the Body carry d in the revolving Orb, muſt by 
the action of the Orb be transfer d in that give 
ſpace of a very ſmall time. Therefore we ouſt 
compare this C D, or the difference of Centri- 
petal Forces equal to it (by which the Body is 
urg'd in the Quieſcent Orb, and by which it is 
urg d in the Revolying Orb, in that ſituation of 
a moveable Orbit, and that'diſtance' TI of the 
Body from the Center) with the like difference 
in the other Caſe, where the ſame, or a like 
Conſtruction is fuppos'd as here, and the ſame 
things are likewiſe ſuppos d to have been done: 
WWW 
| | s and- 
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BT': b and therefore their ſmall Increments 


Line TL; that is, as the Angle 4 TI; to the 


— 
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and C O in G be drawn with the diſtance 7 or 
Th round the Center 7; and let the new Tri- 
angle 1b T be ſuch, that its Area may be ſwept 
thro by the Radius 7, in the ſame time that 
this Area Ih T is gone thro' by this Radius TU: 
Whence (foraſmuch as in equal Triangles the Baſes 
are reciprocally proportionable to their Heights) 
this Line eb is to the other eb as another T | to this 
II, that is, eb is reciprocally asthe Correſpondent 

T1; wherefore alſo Ce (always haying the ſame 
Ratio to be) will be reciprocally as Tl: therefore 
C the aggregate of em, and the Interval eb will 


be reciprocally proportional to the ſame Ti; and 
therefore the Rectangle under them, wiz. NVA 
is reciprocally proportionable to the Square of 


the ſaid Tl. Wherefore (by Prop. 35 or 36. El. 7 
CDXCG= xl, that is, CD= * = 2 


Therefore C D, in that caſe is to the analogous 
CD, in any other caſe, directly as this FC Xx CU 
to that other FCxCb, and reciprocally as this 
Line CG to any other CG at the ſame time. 
But it has been ſhewn above, that FC & Cb is 
reciptbcally as the Square of the Right- line T/ 

and C & is as DG its nearly equal, or as its half 
Dor Tü, or T't very little different from it: 
Therefore C D in this ſituation of a revolving 
Orbit is to C D produc'd in the fame manner in 
any other ſituation of the ſame Orbit (that is, 
the difference of the Centripetal Forces, by 
which one Body in a quieſcent Orbit, and ano- 
ther Body in the ſame Orbit revolving, may be 
equally: mov d in the Height 7 L or 7 / is to the 
like difference of Forces in any other Height) 
reciprocally as the Square of the firſt Height, to 
the Square of the laſt, and reciprocally as the 
firſt Height to the laſt Height at the ſame _ 
be! 36 that 


* 
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that is, reciprocally as the Cube of the firſt 
Height, to the Cube of the laſt Height; that 
is, (ſpeaking in ſhort of one Height, or Altitude, 
when we are to be underſtood of two taken to- 
nee? the ſaid difference of Centripetal Forces 
sin a Triplicate Ratio of the common Height 
r 1H 74 $9 
BAS COROLLARY I. &Y 
A Body moving from its upper to its lower 
Apſis, in an Orb revolving in conſequentia, is urg d 
by a greater Centripetal Force than if its Orb 
was at reſt. For becauſe (in the foregoing Fi- 
ure) in that caſe the Angle 47! is greater 
n ATL, e C alſo will be greater than eb; as 
being in tlie ſame Ratio as tñe foregoing Angle, 
therefore the Point C is out of the Periphery of 
the Circle BHD. But the Body mov'd in the 
revolving Orbit is found in the Point D; and it 
has been above ſhewn, if the Body } be mov d 
with Centripetal Force equal to L, that it will 
come to the Point C; therefore not be ſo much 
urg d towards the Center 7. [ Eg. 5. 


. 


Again, the like will happen if (things being as 
before) the revolving Orb be mov d in antecedentia 
with a greater Celerity than the double of that 
Celerity in which the Line TL is mov'd i» conſe- 
quentia, as'in Fig. 1. Becauſe in that caſe 4 T4 
is more than twice greater than 4 T Lor a Ti, 
A T'l will be greater than 4 T L; therefore (as 
before) e C will be greater than e, and the 
Point C will be without the Circle b DB; and 
for the ſame reaſon as before, the Centripetal 
Force of the Body moving in the revolving Or- 
bit a / p is even now greater than the Centripe- 
tal Force of the Body moving in the quieſcent 
Rr ET or art a 


But 


a7  ThberErzmeRTs Bob 
But if this. Orb 4% goes back with a celerity 
leßz than twioe chat, by which the Line 7 B 
forward, as in Fig: g the Body I deſcending to 
wards its lower Apſis will be urg d by a leſs 
Fer dean Force than L in the quieſcent 
hecauſe the Ang le A Ts is not double. 4 L 
oraTl, ATI will 24 aT 1, (that is, 
ATL) and therefore ec leſs chan eh; and for 
that reaſon the Point C, to which i wou'd come 
wa it 1, urg d wich the ſame Centripetal Force 
E, will be within the Circumference, of the 
Cirde.B D. . Butja Body, moving in a revol- 
Orb has been beſore ſhewn to be found in 
the oint D, more remote, from the Center than 
C is; therefore the Body I deſcribing the Orb 
41 27 0005 'd wich a leſs Centripetal Force, than 
c Ti which is carried in the quieſcett 
80 155 LP. ww all things happen contrary to 
my cending from its Wwe, 00 its W 
. 5 Ty Ye 7 yt 
—_ alſo the difference of che. Centripe 
Forces in a movable and unmoyable Orbit c ogy 8 
and b, 1 15 5 8 Force, by 
thich 1 e kan d in a Circular Motion 


in 


from N to B e time chat the Body L. 
in the i rbit deſcribes the Arc L B) 
IR 58 815 e 7 J. For the ſaid Forces are. as 


fic Dt H þ produc d in the fame 
{mall orten of Time; but the naſcent H+ is 
75 br and 40 B has been ſhewn equal to 
x 
— 2 wherefore the kid Forces ate a 
e id es that is, 45 KC x E and 
CGxne. But the Right-line C G differs little 
from the Right-line Me, and (by Prop. 35. El. 70 
why ; = 


a” 


<4 A 
2 v - 
ww 
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the Rectangle under 4e and en is equal to the 
Square of eh: therefore the ſaid Centripetal 
Forees are as RCN O, and eb. Now if the 
known Quantities. F and G are taken in that 
Ratio to one another as the Angle A L has ts 
AT1, chat is of be to Ce; CR will be as 
F, and6 h as GF: therefore the difference 
of the Centripetal Forces by which Bodies are 
urg d in a movable and unmovable Orb in R 
and , is to the Centripetal Force by which a 
Body may be mov d in a Circular Motion from 
N to B in the ſame time as J deſcribes the Arc 
LB, as GFX GF to as 1 As e 
| A de * 


4 144 
* 


I LN N A. e 
12 a Body tending to @ Focus or Center T, diferibes 
the Ellipſs A BP, whoſe Apſes are A ond P; the 
Centripetal Force hy "which the Body is urg d in the 

Apſis A, is to the Centripetal Force of another 

revolving in the, Circle A E H at the ſame diſtance 
T A with the ſame Velocity, as the Diameter of the 

Circle to the latus rectum of the Ellipfes. « Fig. 7. 1 

- _-. Thro!, A draw the Right-line 4 G perpendi- 
cular to 4 Ar which will touch the Circle as 
0 as the Ellipſis. Thro the Point G near A 
draw G E B towards 7, cutting the Circle in E 
and the Ellipſis in B. Becauſe the naſcent Arcs 
AB; AE ate nearly equal, Bodies ſetting out 
together with equal Velocities from A will come 
at the ſame time to B and E; and their Centri- 
tal Forces àre as their Effects G B, G E produce d 
the ſame ſmall Time. Beſides, from the nature 
of the Circle, E£114= ATX IH, or A 1x Diam. 
And by the nature of the Ellipſis, B P 1==to the 
latus rectum x A (for the defect, or quantity 
by which B Da is leſs than that Wy le, 5 
niſhes in this caſe as ſoon as BD is nalcent; ) 


"uu 
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hh Call naſcent. Lines & I. and B N are 
_ Therefore A 7 x Diam. of the Circle 
— 7 D x latus rectum of the Ellipſis: Therefore 
AD is to A or to G E, ot the Centripe- 
tal Force in the Ellipfis to the Centripetal Force 
in the Circle as the Diameter of the: Circle to 


eee r EKD. 


© Prorosition . Leuna. Fade 


abo ALP be on Elin, whoſe latus rectum 
112 R, baving its Foeus at T, itt upper Apſii at 
„ and lower at P. And there be anithet Ellipfis al * 
I and fomilar to it, revolving in the manner a= 
255 round the Focus T, and the given quantities 
Gd F bave the ſame Ratio as the Angles A TI 
and ATL; if the Height of the revolving Body, or 
the Diſance om the Center be A: the Centripetal 
Force by which the Bud, may revelue in the movable 


Fd RxGHRxF2.: | 
Ellipfis will be, Tarn "A ah. . and in 


the other band, when ſuch a Cen tripetal Force ate, the 
Bod) will be eb! in GE E _.. 
dy can re- 


W 
$ 
* x 
* 


: ce the Force by which the 
| rohen the — Ellipſis A LP, is {by 
39. B x.) reciprocally as the Square of the 
Aden from the Center, or of = Height 4; 


let that Force be _—_ by = V, and the Tores 


in the Apſis 4 — * 7 of Fun the Soros by 


which the Body may at the diſtance 7 4 revolye 
ina Circle with the Velocity, that the Body re- 
volving in an Ellipſis has in 4, is (by the fore- 
going Lemma) to the Force by which the Body 
the half len an Ellipſis is ated upon in 4, as 
the half larus 7:Gum of the Ellipſis to 15 Semi- 
vn iameter 


il 
fr 
a 
E 
L 
K 
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diameter of the Circle, or as R to AT; there- 
fore its value is = Now becauſe (by Co- 
rol. 2. Prop. g.) the difference of the Forces in the 
Points 4 and 2 is to the aforeſaid Force in the 
SS Fw RX FA e 
| F 

Circle, (which is equal to e 9 F $a 
F: that Difference of Forces will be equal to 
Rx G9%—RxKF1 7 \ 1 

n And (by Prop. g.) the Difference 
of the Forces in any other Points of the ſame 
+ Height (namely, where the Height A is unde- 
| termin'd) is. to the Difference of the Forces in 
the Apſis 4 (where the Height is T A) as the 
Cube of TA to 4 cub.; therefore in any Height 
| Rx G RxFa 


its Value wi be r If therefore 


© to the Force =, by which a Body may be re- 
volv'd'in an unmovable Ellipſis 4 LP, be added 


A - g | q 
the ſaid Difference R* 12 - X#Fq : the whole 
e | A cub. ö 


nenen neee. 
compounded res will be Th +— —— 
by which a . ny in the movable Ellipſis 
at p be revolv'd in the ſame time. . E. D. 


COROLLARY 1. 


Hence if to the Centripetal Force, (which is 
in a Duplicate reciprocal Ratio of the Diſtance 
from the Center, by which a Body revolves in 
an unmov'd Ellipſis) be ſuperadded to any other 
Force which is reciprocally as rhe Cube of the 
Diſtance; the Body will deſcribe an Ellipſis whofe 
Apſes are carried in 5 For pt 
1 | the 
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the Difference, which ists ——— © — 

& in this caſe poſitive, G will exceed L; that is, 
as Angie AT1 does exceed the Angle AT L; 
Whenge (by Coral. x. Prop. 4.) the Apſes are either 


8 


carried, in conſequentia, or in antecedentia, with a 


Celeriry greater than twice that by which the 


Body L is carried, in conſequentia, in theunmovable 
Orb; but becauſe this laſt does not happen in 
' any of the Celeſtial Bodies, we abſtract from it 
in this caſe. But if from the Force (which is re- 
Eprocally in a Duplicate Ratio of the Diſtance) 
be taken the Force which is reciprocally in a 
Triplicate Ratio of it, the Remainder will be the 
Force, by whoſe action a Body will deſcribe an 
Ellipſis whoſe Apſes go backward ; for the Dif- 
ference of the Forces _ — — $36 in this 
caſe negative; and therefore G is leſs than E, 
or the Angle 4 T than AT L. 99” 


"COROLLART 2. Fg. 


Hence it follows alſo, that if in an Orb 
which differs very little from a Circle, the cen- 
tripetal Force, as you recede from the Center, 
decreaſes more (or becomes leſs) than in a Du- 
plicate Ratio of the encreas d diſtance ; the 
Apſes of the Orb will be movy'd, in conſequentia. 
For let the unmovable Ellipſis A LP be the Orb 
deſcrib d by a Body, which is urg'd by a Force 
tending to the Center 7, whoſe upper Apſis A is 
twice as far diſtant from the Center T as 
the lower P; not that ſuch an Orb comes near 
to a Circle, but we put this Proportion only by 
way of Example, and to make the caſe plainer. 


Let us ſuppoſe the Centriperal Force by which 


the 


Sg. gg gage geg goes Horn 25 mo 


tl 
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the Body P is urg d, to conſiſt of 400 Parts, and 
the Force by which it is urg d in 4 will be of 
100, and ſo proportionably in the intermediate 
Places; namely, that Force by whoſe action the 
Body wou'd deſcribe the unmovable Ellipſis 
A LP, iz. in a duplicate reciprocal Ratio of the 
Diſtance from the Center. Now if beſides this 
Force, the Body in is urg'dby another Force, 
which is for Ex. as 64, and in A by a Force which 
is as 8, and proportionably in the intermediate 


Places; namely, if that ſuperadded Forte be 
© inverſly as the Cube of the Diſtance from the 
Center; in that caſe {by the foregoing Corol.) 


the Apſes will be carried in conſequentia. But the 
whole Force in P, or that made up of the Two, 
is as 464, and the Force in A as 108, and pro- 
portionably in the intermediate Places; that is, 


as you recede from the Center the Centripetal 
* Force decreaſes faſter than in a Duplicate Ratio 
of the encreas d Diſtance ; for if it was only 
diminiſh'd in that Duplicate Ratio of the 


ſtance, the Force in 4 wou'd be as 116. And 
tho it. be requir'd that a new Force, ſupeggdded 
to that Firſt, which is inverſly as the Square of 
the Diſtance, be every where preciſely as the 
Cube of the faid Diſtance inverſly, that an Ellip- 
tic Orbit may be revolv'd,in conſequentia, about th 
Center of the Forces: yet if this Ellipſis differs 
but little from a Circle, and ſuch a Force wholly 
acts upon the Body, as in receding from the 
Center is diminiſh'd more than the Square of the 
Diftance from the Center is encreas'd; the Apſes 
of ſuch an Orb will be mov'd, i conſequentia. 
For becauſe in an Orb that is almoſt circular, 
the Diſtances from the Center differ but ver 
little ; that Force, (the adding of which occa- 
ſions the whole Force by which the Body is urg'd 
Bbb 2 to 
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to be diminiſnd more than the Square of the 
Diſtance from the Center is encreas d) is dimi- 
niſn'd in a Ratio which differs not much from 
a Triplicate Inverſe Ratio of the Diſtance. 
It follows alſo, that if in an Orb nearly circu- 
lar the Centripetal Force decreaſes leſs than in 
a Duplicate Ratio of the encreas'd Diſtance, | 
(that is, be greater than in the ſaid Ratio) the 
Apſes of the Orb muſt move in antecedentia. For | 


the ſame Force remaining in P and A, by which 


2 Body deſcribes an, unmovable Ellipſis, if from 


it you take away a Force reciprocally propor- 


on 


cionable to the Cube of the Diſtance from the ® 
Center; namely, if from the Force in P you 5 


take a Force that is as 64, and from the Force in 
Aa, Force as 8, and after the ſame manner in 
the intermediate places; there will every where 


remain a Force which (by the foregoing Coral.) 2 
will make a Body deſcribe an Ellipſis whoſe 
Apſes are mov d in antecedentia, But the Force re- 3 


maining in P is as 3 36, and the Force remainin 
in A as 92, and aft | 
e therefore as you recede 
from the Center the Centripetal Force is leſs 
diminiſh'd (or is greater) than in a duplicate 
Ratio of the encreas d Diſtance: for the Force 
diminiſh'd in a duplicate Ratio of the ſaid di- 


ſtance, wou d in A conſiſt of 84 Parts. Whence, 


by the Reaſons. before given, if a Body in an 


Orb nearly circular be urg d by a Force, which, 


as you recede from the Center, is diminiſh'd leſs 
than in a Duplicate Ratio of the encreas d Di- 


ſtance; the Apſes of the Orb will be carried 


in antecedentia. Which alſo appears by Corol. 1. 
Prop. 4. 4 LS... ) oil 4.4 - 


ae % 7 4 9 
„ 5 


8 PRO- 


er the ſame manner in the 


*» wa | Qu% HH .. 


RR Ez i. Et CG MFR. }S ” / oe io ASA ac 
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____ProposITION VI. LEMMA. 

N Elliptic Orbits, nearly circular, to determine the 
motion of the Apſes from the given Law of the 
Centripeta! Force; and, on the contrary, from the 
given motion of the Apſes to find the Law of the Cen- 
rripetal Force, ſuppoſing the Centripetal Force to be as 


' I ſome Power of the Altitude. 


If from any given Law of Centripetal Force 


che Motion of the Apſes be requir'd, the Pro- 


blem will be ſolvd by making the Orb, which 
a2 Body revolving in a movable Ellipſis deſcribes 
in an unmov'd Plane, to come near the figure 
of the Orb whoſe Apſes are requir'd, and find- 
ing the Apſes of an Orb ſo deſcrib d. Now the 


orbs come neareſt to that figure, when the 


Centripetal Forces, by which they are deſcrib'd, 
= te proportional at equal diſtances from the 


Center. 


4 Let the Point A (in any of the foregoin Fi- 
gures) be the upper Apſis, T the center of the 
orces, Let A the greateſt Height be call'd 
Z, and any other yndeterminate Altitudę A, and 
their difference X. And the Force by which 
the Body is urg'd in an Ellipſis, which revolves 
| "pa 
about its Focus 7, is, (by the foregoing) as + 
Rx G*—RxF* AX F*+RxXG\—RxF? 
A cub. "TY A cub. | x 
and laſtly, if inſtead of 4 you ſubſtitute T—X, 
a I XEISAXFI+REGIERNED 
un A cub. Fu 
Value of the Centripetal Force, whoſe Law is 
given, be reduc'd to a ſimilar Fraction ; that is, 
ſuch a one whoſe Denominator is the ſame A cub. * 


and the Numerators (by comparing the homo- 
a B bb 3 logous 


„or as 


Let the 


Inſtead of the Len ge. put », and inftead of 
5 re ; and the Centriperaj |; 
; 2 b 2 * E . 
Forgę will be a Let T-—Xn the Nu- 5 
merator of this Fraction be reduc'd to an Inſi- 
nite Series, namely, to Tu- Tu- X 
x Tn — Rice. Let the Terms of this Nu- 
merator be compar d with the Terms of the fore- 
going Numerator, viz. 7x F'—Xx FA N 
RX F]; that is, the given with the given, 
and the not given (or thoſe in which the unde. 


* 


— 
2 
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logous Terms) are to be taken analogous from 
the compariſon ef which will be made out the 


Apſes. Let the Law of the Centriperal Force 
be given, as for Example, let it be as a Power 
of the Diſtance from the Center, whoſe Expo- 
| a 1 N 0 5 . p 1 
nent is the given p, or as A?, that is a | 


A in the Numerator 


termin d X is found) with the not given; and 
TX FT RTO RX F* will be to TA as FN 


44 "8; = . I | a þ + 
tmp * Tu ATN Tu X> r. that 


bs, ag—F* to- Th" N F N G 
And becauſe the Ellipſis in queſtion is nearly 
circular, in which half the latas tranſwerſum, and 
half the larw rectum, or T and R are equal, and 
all the Altitudes or Diſtances from the Center 
are nearly the fame, therefore X, in reſpect of 
them, is almoſt equal to nothing; that is, the 
Terms affected by that vaniſhing; by the mutual 
deſtruction of the Terms, and the neglectof thoſe 
that vaniſh, the firſt Analogy will be chang'd 


into this, Rx G* is to Tu as. Fa is to nx 70; | 


and ftill putting 7'in the room of R in the firſt 
OE. 2 * N . Term, | 


S <S 


Ratio of G to F, or the requir'd Motion of the 


D__u__—C___C_Jd_ un<Fq pm T e . 
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Term, Tue Gd will be to Tu as Fe ton x Fn—7, 
therefore Gd will be to 792—* as Fd to tn 
and again, G4 to Fa as Tut to n Tu i that 
is, as 1 to: therefore G will be to F (that is 
the Angle 4 TI to the Angle 4 T Das 1 th V. 
Wherefcre ſince the Angle, which the Body 

the unmovable Ellipſis deſcribes in its —— 
from the upper to the lower Apſis, is equal to 


Two Right; the Angle which the Body (trat is 


urg d by a Centripetal Force proportional to 
Power of the Altitude whoſe Exponent is p or 
2—3) moving in an Orbit nearly circular, de- 
ſcribes in its deſcent from the upper to the 
lower Apſis, will be equal to Two Right; the 
Angle, which a Body, (which is ated upon b 

a-Centripetal Force proportional to a Power of 
the Altitude whoſe Exponent is p or -;) de- 


ſcending from its upper to its lower Apſes, in 


an Orbit nearly circular, deſcribes, will be to 


Two Right as 1 to n; therefore in an Arith- 


180 Deg. 


* : 


metical Phraſe equal to : and an equal 


| Angle being repeated, A Body will return from 


its lower to its upper Apſis; and ſo on continu» 


ally. | 


And, on the contrary, if the Centripetal 
Force be as any Power of the Height, that 
Power may be found from the Motion of the 
Apſes; namely, if the Angular Motion, by 
which a Body deſcends from the upper to the 
lower Apſis, or the whole Angular Motion by 
which a Body receding from an Apis returns to 
it, be to the Angular Motion of a whole Revo- 
lution (or to 360 4s.) as Unity is to the Num- 
ber Vn; the Centripetal Force will be as a 
Power of the Altitude, whoſe Exponent is 3. 
For if the Centripetal Force be as A2—3, by 

Fo Bbb 4 the 


S 


the firſt Part af this Propoſition there will be 
the ſaid Ratio between the Angular Motions, 
or between G and F; and therefore this Law of 
the Centripetal Force will depend upon that 
proportion between G and F, Therefore the 


Centripetal Force requir d is found. E. F. 


5 R 

We will give ſome Examples of this Propoſi- 
tion in ſome of the moſt remarkable Caſes. 
The Angle is requir d, which a Body makes in 
its deſcent from its upper to its lower Apſis in 
an Orb nearly circular, whilſt it is urg'd by an 
uniform Centripetal Force, or a Force which is 
the ſame in all Altitudes. Becauſe in this caſe 
the Centripetal Force is conſtant, either as 4, 


* A3—3, nz=3, and V == therefore the 


gle deſcrib d by a Body moving from its up- ; | 


1 80 deg. 


* 


per to its lower Apſis is of or of 10348. 
57, and that Angle being again deſcrib'd, it 
returns to the upper Apſis, the Apſis being car- 
ried ſwiftly in antecedentia. But if the Centripe- 
tal Force be as the Altitude itſelf or 4*, that is, 
as 44—3; u will be 4, and the Angle between 
” $8 cu 
the upper and the lower Apſis ph 7 or godeg. 
therefore the Apſes of 7 an Orbit are carried 
in antecedentia with the ſame angular Celerity, 
as the Body deſcribing the Orb is carried in con- 
ſequentia. Likewiſe it the Centripetal Force be 
e 
as 4 inverſly, or as 4 „or as - ; u will 
e 4 and n A; therefore the Angle be- 
tween the upper and the lower Apſis, which is 
of, is of 360%. that is, a Body which 
8 N 0 04's N ' 


is 
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is urg'd by ſuch a Force, as it recedes from its 
upper Apſis, and then continually deſcends, will 
come to its lower Apſis when it has made one 
whole Revolution; then by a conſtant aſcent, 
as it goes thro another whole Revolution, it 
will return to the upper Apſis, and ſo on con- 
ſtantly. CS, 

Suppoſe, on the other hand, that the Motion 
of the Apſes is given, and the Law of the Cen- 
tripetal Force be requir d: for Example, let the 
Law of that Centripetal Force be requir'd by 
which that Body is acted upon, which in one 
Revolution and a half, by an alternate deſcent 
and aſcent, from the upper Apſis returns again 
to. the upper Apſis. Becauſe in that caſe, the 
angular Motion by which a Body deſcends from 
the upper Apſis to the lower is of 270 deg. the 
fourth Proportional to 270 deg. 180 deg. and x, 
or /n, will be equal to +, and therefore ?: 
and ſo (by the ſecond part of this Propoſition) 
the Centripetal Force is as A; that is reci- 
procally as 43—+ or A5. Again, let the Law 
of that Centripetal Force be requir'd by which 
that Body is acted upon, which from the upper 
Apſis to the upper Apſis again, makes 363deg. 
that is, which is carried in an Orbit almoſt 
Circular, whoſe upper Apſis every Revolution 
of the Body goes thro' three Degrees in conſe- 

wintia. Becauſe the whole Angular Motion 

y. which a Body receding from the upper Apſis 
goes back to it again, is to the angular Motion 
of 360 deg. as 363 to 360; Vs, or the fourth 
Proportional to 363, 360 and 1 will be 442 ; 
therefore » will be 1259: and the. Centripetal 
Force as Az or as A—H5%333 3 that is, 
inverſly as A , or inverſly as 4A z. There- 
fore the Centripetal Force, by which a Body is 

bw ws ? urg d, 


— 
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urg d, that deſcribes an Orbit whoſe Apſes in 
one Revolution of the Body are mov'd 348. 
zn comſequentia, as the Body recedes from the 
Center decreaſes in a Ratio ſomething greater 
than Duplicate, but 6o times nearer a Duplicate 
than a Triplicate. 


p TOROLEG4NY 5 
Hence it is plain, that if the Centripetal 
Force, by which-the Body is urg'd in its ap- 
proach to the Center, encreaſes in a Triplicate 
or a leſs Ratio of the diminiſh'd Altitude, 
the Body if it begins to deſcend, will never 
come to the lower Apſis, but deſcend quite to 
the Center; but if from the Apſis it aſcends 
ever ſo little, it will never come to the upper 
Apſis, but continue to aſcend in Inſnitum. For 
becauſe the Centripetal Force is reciprocally as 
A, that is as A—3, that is p =—3; » (=p+3) 
will be S, and y/n=0 ; and the Angle by the 
deſcription of which a Body will go from the 


upper to the lower, or from the lower to the 
upper Apſis, will be equal to = ws. or be in. 
finite : therefore it will never come to the other 
Apſis, but after innumerable Revolutions it will 
either deſcend to the Center or aſcend in Infini- 
tum. But if the Force in the receſs of the Bod) 
from the Center decreaſes in a Ratio of the D 
ſtance greater than Triplicate, » will be a ne- 
gative quantity, and „/n will be a thing impoſ- 
ſible; whence the Truth of the Propoſition is 
plain. And on the other hand it appears, that 
if a Body aſcending and deſcending alternately 
from Apſis to Apſis, never comes to the Center; 
the Force, as you recede from the Center, will 
either be encreas d or diminiſh'd in a ä 
8 Q 
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of the Height than a Triplicate; and by how 
much lef the Angle is, which deſcrib'd by the 
Body, whilſt it goes from Apſis to Apſis, by ſo 
much more will that Ratio of the Forces differ 
from a Triplicate reciprocal Ratio. . 


pPoposirron VIL LEM _ 
IN Elliptical Orbits, which are nearly Cireular, to 
deter mins the Motion of the Apſes from the given 
Law of the e Force, ſuppoſing the Centripetal 
Force to be as the Sum or Difference of any Two 
Powers-of the Altitudes. | | 


Things being as before let hand c any 
given quantities, of which m is the Ex t 
of the Power, and alſo „ as in the forego- 
ing; and let the giren Law of the Centripetal 
Force be ſuch, that it may be every where as 
: 2 or elſe putting 7. & inſtead of 4, a8 
bxT—X+CxT=X", Reducing its Value to an 
e ors WII bb ones 
Infinite Series, the Centripetal Force will be as 
„-A Tl u. x 407% 

— 1 : 


. 1 X * c. A 1 


n 


? 99 2 
We muſt lay down as analogous this Value 
of the Centripetal Force, and the Value 
before found of that Force which makes 2 
Body move in a movable Ellipis, wiz 
JX Fi—XXxXF1 + RxGY—RxFt ©, „ 
„ een Fo that is, 


rn 


| when theſe Values have hitherto the ſame De- 


nominator, the given part of one Numerator is 
to have the fame Ratio to its part not given, 25 
the given part of the other Numerator to its 
MEET os iO, INES part 


4 
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part not given; that i is, Rx G- Rx FAT x FA 
muſt be to — Fax K. E 2 +CT" is to 


bx m 7-1 + bx Fu- xen, 


Tu- XC NN u- E . And 


the Orbits are ſu pord almoſt circular, Tand 
will be equal. Beſides, by applying the Con- 
ſequents to — X, and neglecting the Term 
affected by & as being very ſmall, (becauſe & is 
infinitely little) Ted will be to Fd as h Tm 
ern to bx N T- 14. CY Tu-. Or, to 
make it more ſimple, that all the Powers of T 
may become equal, let T be put for Unity; 
then G4 will be to Fa as b + Ctobm + Cm. 
And for that reaſon G to F, or (81 in the fig. of 
Prop. 4) the Angle 4 Tito the Angle ATI as 


vb +C to V Cn, or as 1 to n — 


And therefore when the Angle between er 
per and lower Apſis in an unmovable Ellipfis 
becomes equal to Two right; the Angle whic 

the Body (by a Centripetal Force — 


to LEES ) Leeres in its deſcent 


fan its upper to its lower Apſis, or contra- 
15 aſcent, is to Two Right; as r'to PLL . 
* | bc * 
and in ; in an Arichmetical Phraſe that Angle is 
* BED r x804s, | If the Centriperal Force 
be as the Difference of Two Powers of the 
Altjrude , 7 (namely As — = putting 
in che room of -+ C in, the value already 
found, the Angle between the upper and lower 
Nele, of a movable Orbit nearly circular, is 


equal 


* 
. 
= 
4 
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equal to 2 1804es. The ſame Way 
will the Problem be ſolvd in more difficult 
Caſes. 
$CHOLIUM _ 
"Ifa Body acted on by a, Centripetal Force, 


which is reciprocally as the Square of the Alti- 
tude be reyoly'd in a movable Ellipſis, that has 


F its Focus in the Center of the Forces, and to 
this Centripetal Force be added, or from it be 
taken . other Force, whoſe Law and Quan- 

tity is the Motion of the Apſes ariſing 


from t yr by Force will be determin'd by 


** 


this Propoſition ; namely, if from che Force — 


1 8 taken an exttinſecal Force, which is as - 
Icitude or Diſtance from the Ceriter, namely, 


as CA; the remaining Force by which the! ly 
A—CA* 


. , 
41 is urg d, will be —— where b==1, Mr, 


$1 n= Therefore the An — — c of the Revolution 


between the Apſes i is 22 * 180 2. For Ex. 
Let the extrinſecal Force which is taken away 


be 357, 45 times leſs than the Primary Force, 


by which the Body is revolv'd in an Ellipſis, 
which, to mags it ealy we have calld. x ; and 


; | 645 
C will be = 0 and 1—C = 22 


357,45 35745* = _ 35645 
35345 4 
and 1—4 C = =; therefore —= e 35565 


3 and Ver, 00434 And 


therefore 7 = x 180deg. or che Angle be- 


tween the Arte, in a movable Ocbit, will be 
1,004234 * 180 deg. or 180 468. 76228, that is, 
180 


Apfes be 


9 
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180 deg. 45 44”. Therefore the Motion of the 
Apſes is $4; in one half Revolution, or whilſt 


the Body deſcends from the upper to the lower 
Apfis, viz. 4. 44” in conſequentia, and ſo much 
does the Body go forward when it aſcends from 
the lower to the upper Apſis; that is, each Re- 
volution of the Body the Apſs carried in con- 
fequentis 1. 31. 2 

And converſely, ir the Angle berween the 
you may find what Ratio the 
— — (bee! Law is 
that Force by which a Body 
an unmovable Elliptis : namely, if a Body re- 


wou'd be mov'd in 


turn d from the upper Apſis to the upper Apis 60 
again, makes by its angular Motion an Angle 


315, the Apſis at the ſame time moving 455 


in antecedentia, and the Ratio of that ſuperadded 4 


Force (which is as the Altitude) to the Primary 


Force by which a Body wou'd move in an un- 
mor'd Ellipfis be requir'd. For, becauſe it has 
that the 


by this Propoſition been demonſtrated, 
Angle between the upper and the lower Apſis ts 


"T b4C 
7 n 180, or chat the Angle between 


the upper and the upper Apſis is / —I— 


SED 


x 360*, that is (in the preſent. caſe, where, the 1 


ſuperadded Force is as the Altitude) / 1£ TL 


X 362, 319 will be = ex 3600, And 


by teſolving that Edition th Value C will be 
found 2 Spur as this Primary Force, by which 
A Body wou'd move in an unmovable Ellipſis, 
be ſuppos d 1; 5 this Force will be to the added 
Borce — is : me Altitude, and which 

makes 


given) has to 5 
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makes the Apſes go back ſo ſwiftly) as 44 


* COROLLARTK 4. 

From che foregoing Scholium, and the 24 
Corollary of Prop. 5. it follows, that if from a 
Force which is in a Duplicate Ratio of the Alti- 
tude inverſly, be ſubtracted a Force which is 
directly as the Altitude, there will be left a 
Force, which as you recede from the Center 
decreaſes more (or is leſs) than in a Duplicate 


Ratio of the encreas d Altitude, or a Force 


which as you approach to the Center encreaſes 


more (or is greater) than in a Duplicate Ratio 
N 
165 
caſe as in this, the Apſes of the Orb go forward, 
and for that reaſon the two Caſes become the 
ſame. And it appears by the ſame reaſoning, 
that if to a Force which is in a Duplicate reci- 


of the diminiſh'd Altitude; for as well in that 


procal Ratio of the Diſtance from the Center, 


de added an extrinſecal Force, which is directly 


às the ſaid diſtance, the Sum of em will be a 
Force, which, as you recede from the Center, 
decreaſes leſs (or is greater) than in a Duplicate 
Ratio of the encreas d diſtance, or (what is the 
ſame) which as you come towards the Center, 
encreaſes leſs (or is leſs) than in a Duplicate 
Ratio of the diminiſh'd Diſtance. But theſe: 
alſo are an immediate Conſequence of Cor. xz. 
Prop. 4. | | lr 


0. 4 
W | ene 
F Secondary Planet 1. deſcribes an Elliptic rbit 
2 boſe Forur u T, about the Primary Planet T; 


i greater Axis, or Line of the Apſes by its Angulur 
Motion goes forward twice, and backward twice, 


every Rebolurion of the Satellite E; that is, it goes 
forward Twice When L iin the Syzygies G and B, 
but i goes biktwhen' L is in'C and D the Quadra- 
Tarts with the Sun. [Fig. 10.] 488 


- Lec 8 denote the Sun, Fa Primary Planet 
moving in the Orbit D C, from D towards e 
about che Sun, L a Secondary Planet deſcribing 
a Elliptic Orbit, whoſe Focus is , from Cto G 
towards D. Now becauſe in theſe Three Bodies 
the accelerating Attractions of any Two on the 


Third are (by what has been ſhewn in Bob 7.) 


to one another reciprocally in a Duplicate Ratio 
of the Diſtances from it, this brings us to the 
Oaſe of the firſt Propoſition of this Book (Whoſe 
Conſtruction we here ſuppoſe) in which it is 
"Qrewrr,” that the Satellite L is urg d by a double 
accelerating Force, the one from L to 7, and 
the other from L to S. And as the firſt Force 


from L to 7, ariſing from the mutual Attraction 
of the Bodies L and 7, be reciprocally propor- 


tional to the Square of the Diſtance (by Corel. 2. 

Prop. 5 1. Book 1.) the Body L will by that Force 

alone deſcribe an Ellipſis; which has its Focus | 

in 7. But becauſe the laſt Force, by which L 
ro 


is acted upon, and which is directed from L to S 
(and is, by what has been before ſhewn in Prop. r. 
as the Right line 4 S) is reſolv d into Two For- 

ces, one of Which is as 4 14, and the other as 
MS, which is always .reduc'd to MN, as has 
deen ſhewn, and with the direction of theſe 


Right lines; of which that which is as AM, 
ö tho' 
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tho it has the ſame direction with the firſt, by 
which 7 draws L, yet it does not obſerve the 
ſame Law ; neither is A M reciprocally as the 
Square of the Right line LT, which ſis che Di- 
ſtance of the Body L from 7, but almoſt dire- 
Aly as LT; for 2s LT encreaſes, things remain- 
ing as before, A M encreaſes almoſt in the ſame 


my 


| Ratio; for SL, by reaſon of the Diſtance o 
the Body 5, is almoſt parallel to S7; the Force 


by which L when it is in the Quadrature C and 


' is urg'd toward 7, being compounded of two 
(namely that firſt by which 7 draws L, and 
which is inverſly as the Square of the Diſtance 
I, and that which being as A MV, is almoſt 
directly as the very Diſtance L 7, for the 


third Force M N in that caſe is nothing) 


is not as the Square of the Diſtance inverſly, 
but as you recede from 7, decreaſes in a 
lleſs ratio than a duplicate of the encreaſed Di- 
> ſtance: When therefore to the Force, which is re- 
= ciprocally proportional to the Square of the Di- 


ſtance from the Center or Altitude, namely, that 


by which L draws T, an extrinſecal Force, which 


is as the Altitude it ſelf, is added, there will (by 


Cor. of the foregoing Prop.) be compounded 2 
Force by whos action the Body deſcribes an 
& Ellipſis, whoſe Apſes are mov'd in antecedentia. 
Therefore when the Satellite is in the Quadra- 
tures, the Apſes of the Elliptic Orbit go backward. 


But if the Satellite L (fg. 11.) be in G the 
Conjunction, or B the Oppoſition with the Sun 
S, in which caſe the Force 4 V vaniſhes, be- 
ſides the Force by which T draws L; and which 
is reciprocally as the Square of the Altitude TL; 
the Body L will be urg'd by the Force MN, 
puſhing from M to N, which is not as the Square 
of the Altitude T L inverſly ; but encreaſing as 

| Ccc the - 
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the ſaid Altitude encreaſes, and almoſt as TIL. 
it {elf directly. Therefore when from a Force 
reciprocally proportional to the Square of the 
Altitude, by which T draws L, is taken away 
an extrinſecal Force, (viz. a Force ariſing from 
the Sun's Action) which is almoſt as the Alti- 
tude itſelf ; there will (by the Corollary of the | 
foregoing Propoſition) be left a Force by whoſe 
action a Body is carried in an Ellipſis, whoſe 
Apſes are mov'd in conſequentiaa Therefore 
when a Secondary Planet is in the Syzygies © 
with the Sun, the Apſes of the Elliptic Orbit 
deſcrib'd by it go forward. ; 8 
But when the Place of the Satellite is between 
the Syzygies and the Quadratures with the Sun, 
the Motion of the Apſes depends upon the two 
foremencion'd Cauſes jointly; namely, upon 
an extrinſecal Force, added as A M, and taken 
away as MN; in ſuch manner that the Apſes, 
according to the exceſs of the one or the other, 
go forward or backward : Therefore in each Re- 


volution of the Satellite L about 7, the Apſes by b 
turns go forward twice, and backward twice. 7 
PRO POSITION IX. LEMMA, 3 
TN fig. 11. the Force MN in the Syzygies al-. d 
moi twice greater than the Force A M in the b 
Quadratures. | = 4 
In the Syzygies S M is to S N in a Duplicate h 
Ratio of SNto S L: but the Diſtance of the © 
Points Nand 7, when compar'd with ST the Di- 4 
{tance of a Planet from the Sun vaniſhes, there- 
fore S T is equal to SN; and alſo S M is to 5. 
ST in a ** Ratio of S T to S L: But b 
Quantities Arithmetically proportional as S B, R 
ST, SG, &c. when their Interval B T or TG T 
ij very little in reſpect of any one of em as S G, 8 


are 
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are alſo as it were Geometrically Proportional, 
and fo inverſly ; wherefore if you ſuppoſe B M 
(in the firſt fig. 11.) and G M (in the ſecond 
Hg. 11.) equal ro TB, you will find that (in the 
firſt fo. 11.) MS, BS, TS, and LS, and 
(in the ſecond fg. 11.) MS, GS, TS, LS, 
will be nearly in 4 continu'd Geometrical Pro- 

| portion: Therefore in each Figure MS, is to 
s in a Duplicate Ratio of TS to LS. But 

M is (by Conſtruction) twice greater than 

zB, which (by the foregoing) is equal to 4 M 

in the Quadratures; and MN is almoſt equal to 


ah 5 


M. Therefore MN in the Syzygies is as it 
uWwere twice greater than AM in the Quadratures, 


"_ 


Yr AS AA AA ES. Fx 
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933 PROPDOSfTION X. | 

a | N each Revoluticn of any Satellite the Apſes for 
2 the moſt part go forward more than they go back- 
„ ward, and are by the Exceſs of their going forward 
» 77 carried in conſequentia. 8 
For the Force MN in the Syzygies, (which 
being taken away from the Force with which 


T draws IL, is the cauſe that the Apſes go for- 
ward) is (by the foregoing Lemma) as it were 
twice greater than the Force 4 M in the Qua- 
+ dratures, by whoſe addition to the ſaid Force, 
by which T draws L, the Apſes go backward : 
And therefore the Exceſs in one whole Revo- 
e lution of the Satellite will be within the Power 
e of MN, and will transfer the Apſes in conſe- 
- 7 quentia. O. E. D. 

— Theſe will happen ſo commonly, and cæteris 
o baribus: But there are particular caſes, (as will 
t be ſhewn in the next Prop.) in which, in one 
„ KRevolution of the Satellite about its Primary 
G Planet, the Apſes go backward more than they 
„ go forward. 

„ Ccc 2 Pg o- 


m—— - * 5 
F * 3 we 


F500 The ELEMENTS Book IV. 


| PROPOSITFON XI. | 
N one Revolution of the Satellite L about T, the 
& Progreſs of the Apſes exceeds their Regreſs, when 


they are in the Syzygies with the Sun, more than if 


they were farther from it: But the Regreſs of the 
' Apſes exceeds their Progreſs in one Revolution of the 
Satellfte, when the Apſes are in the Duadratures with 

' the Sun: Yet they go farward more and ſwifter in their 
Syxygies, but they recede kfs and (lower in the Qua- 
ratures 5 and by the Exceſs of the Progreſs above the 


Regreſs, in one Revolution of the Apſes about the Sun,. 


are carried in conſequentia, | fig. 1 1. and 12.} 


Becauſe (by Cor. 2. Prop. 5.) the Progreſs or % 


Regreſs of the Apſes depends upon the Centri- 
petal Force of the Satellite towards its Primary, 
which decreaſes more or leſs than in a Duplicate 
Ratio of the encreas'd Diſtance as you recede 
from the Center, or in the Paſſage from the 


lower to the upper Apſis, as alſo upon a con- : a | 


trary increment as you go towards the Center 


or return to the lower Apſis; it is plain that the 


Progreſs or Regreſs is the greateſt, when the 
Ratio between the Forces in the Apſes differs 
very much from an inverſe Duplicate Ratio of 

the Diſtances. Suppoſe the ſituation of the Or- 
bit of a Satellite in reſpect to the Sun, to be 
ſuch, that its Apſes may be in the Syzygies with 
the Sun: Therefore the extrinſecal Force MN, 


which urges the Satellite when it is the Syzygies, 1 


being taken away from the Force by which the 
Primary dtaws the Satellite, leaves a Force in the 


Satellite at B, whoſe Ratio to the Force like- 


wiſe left in the Satellite at G, differs more from 
a Duplicate Ratio of the diſtances inverſly, 


than if the Apſes were not in the Syzygies; be- 


cauſe the Ratio between the diſtances TB, 7G, 


- % 


= 
1 ' 
L 1 
In 
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is more unequal, or differs more from the Ratio 
of Equality, than the Ratio between any other 
Two in this Orbit: Therefore the Progreſs of 
the Apſes in this caſe is the greateſt. But when 
a Satellite is come to C, the extrinſecal Forge 
AM being added to the Force by which 7draws 
the Satellite, does not ſo much make it recede 
| from a Duplicate inverſe Ratio of the diſtances 
in the paſſage from C to D; becauſe the diſtan- 
ces TC, TD become equal: Therefore the Ef- 
fect of this added Force is leſs: that is, the Ap- 
© ſes of the Orb go back leſs in this caſe. There- 
fore, becauſe when the Apſes are in the Syzy- 
X gies, they go forward very ſwiftly when the 
X Satellite goes thro' the Syzygies, and go back 
= very ſlowly when the Satellite is in the Qua- 
=X dratures with the Sun; it is plain, that in one 
J whole Revolution of the Satellite about the Pri- 
mary Planet, the Apſes in this caſe will be car- 
tried, in conſequentia, very ſwiftly. 
No let the Apſes of the Satellites Orb be in 
the Quadratures: in which caſe the foreſaid 
extrinſecal Force 4 M, which acts upon the Sa- 
Wrellice in the Quadrature C, being added to the 
Primary Force by which 7 draws the Satellite, 
makes up a Force compounded oS& both, by 
which the Satellite, when at C, tends towards T; 
(Hg. 12.) whoſe Ratio to a Force compounded 
after the ſame manner, by which a Satellite, 


35: Ewhen at D, is urg'd towards the ſaid 7, recedes 
e more from a Duplicate reciprocal Ratio of the 
le Diſtances, than if the Apſes were not in the 
8 Quadratures; becauſe the Ratio between TC 


Wand 7 D is more unequal than the Ratio between 
any other Two of this Orbit; therefore the 
Regreſs of the Apſes is the greateſt in this caſe, 
hut when the Satellite is come to G or B, the 
Cc; er- 


4 
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extrinſecal Force MN now urging the Satellite, tl 
being taken from the Force by which T draws v 
the Satellite, does not ſo much make it recede 
from a Duplicate inverſe Ratio of the Diſtances, 
whilſt the Planet goes from G to B, and ſo 
# contra. Becauſe the Diſtances T G, TB, be- 
come equal; whence the Effect of this Force 
taken off is leſs in making the Apſes go forward; 
that is, the Apſes of the Orb go forward ſlower. 

Therefore, from theſe two Cauſes, when the 
Orb is ſituated as here, in reſpe& to the Sun, 
the Apſes of the Orb of a Satellite (whilſt it 
makes one entire Revolution about its Primary) 
are carried backward. . 1 


Beſides, if the Motion of the Apſes of the 
Satellite about 7, and the Motion of the Pri- 
mary T about the Sun & be ſuch, that the Apſes 
of the Satellite's Orbit are nearly in the ſame 13 
Aſpect with the Sun for a conſiderable Time, 
or whilſt the Satellite it ſelf changes all its a- 
ſpects will the Sun often; by reaſon of the length 


— 
9 


of Time in which the Velocity of the Progreſs 3 
and the ſlowneſs of the Regreſs of the Apſes 
are continu'd, namely, when the Apſes ſtick 
abqut the Sun's Syzygies, they will go forward 
' remarkablWenough : and likewiſe, by reaſon of 8 
the length of time that the Apſes of the Satellite P. 
ſtick near the Sun's Quadratures, and conſe-* 
quently by which the Velocity of the, Regreſs P. 

and the ſlowneſs of the Progreſs are continu'd, 
they will recede ſenſibly enough. | = * 
But becauſe the extrinſecal Force MN (which C 
we take off) that cauſes the Progreſs of the 
Apſes, has in Prep. 9. been ſhewn almoſt twice Þ 
greater than the Force 4 M, which makes them 

go back; and beſides, the Apſes ſtick longer in 

the Sy2ygies than in the Quadratures, becauſ f 

| x there 


lt a... 4 
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, there being carried i» capſequentia, they go for- 
$ ward with the Sun, but here being carried in 
e antecedentia, Mey quickly paſs thro the Sun's 
, Quadrature, which is carried in antecedentia ; it 
o is plain that the Apſes go forward faſter, and 
— for a longer time in their Syzygies, and go back 
e lower and not ſo long in their Quadratures; 
; and by the exceſs of the Progreſs above the Re- 
greſs, in one whole Revolution of the Apſes to 
& the Sun (that is, whilſt the Apſes ſeen from 7 
1 50 thro' the Aſpects with the Sun) they are car- 
"© ned in conſequentia. + 
All that has been ſaid will almoſt happen the 
XX ſame way, tho' the Species of the Seconda 
16 Orbit don't preciſely continue the ſame, if ſo 
i- be that the change of the Excentricity is not 
es too great. 
13 wa 


e % PRO POSTITION XII. | 
A. JF Satellite move ahout its Primary in an excen- 
th 1 tric Orbit, the Excentricity of it will be twice 


D 1 


ſs chang d in every Revolution: And in one Revolution 
ſes of the Satellite it will be the greateſt, when the Sa- 
ck tellite is in the Syzygies with the Sun; but the leaſt, 


d, For if che Body which did deſcribe a given 

Ellipſis, (namely, by being acted upon by a 
ich Centripetal Force, which, tending to one of 
che che Foci or to the Center, is reciprocally pro- 
ice portional to the Square of the Diſtance from it) 
em in its deſcent from the upper to the lower Apſis, 
in de urg d by a Centripetal Force, which is en- 
uſe greas'd more than in a Duplicate Ratio of the 
60 4 = C Cc 4 dimi- 


2 * N 
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diminiſh'd Altitude or 8 from the Center; 
it is manifeſt, that a Body thus urg'd towards 
the Center, wou'd be more ſtronly puſh'd to- 
wards it, than if ( as before) .it was urg'd by a 
Force encreaſing only in a Duplicate Ratio of 
the diminiſh'd Diſtance ; therefore it wou'd de- 
ſcribe an Orb interior to the Elliptic Orbit be- 
fore deſcrib'd (except the upper Apſis) and in 
the lower Apſis it wou'd come nearer to the 
Center than before; that is, it wou'd deſcribe |; 
an Orb more excentric than the forementioned 
Orb, or ſuch an one in which the diſtance of a4 
Body in the upper Apſis has a greater Ratio to 
its Aſtance in the lower Apſis, than in the for- 
mer Orb: Now if the Force, in the Aſcent of 
the Body from the lower Apſis ſhou'd decreaſe ' 
in the ſame Degrees by which it increas'd in the 
Deſcent; the Body wou'd return tothe former Di- 
ſtance. But if the Centripetal Force ſhou'd de- 
creaſe more than in the ſame Ratio, the Body then 
being leſs attracted, will aſcend to a greater Di- 
ſtance, and deſcribe an Orb, whoſe Excentri- 
city is yet greater. Likewiſe, if a Body in ics 
deſcent from the upper to the lower Apſis be 
urg'd by a Force, which is increas'd leſs than in 
a Duplicate Ratio of the diminiſh'd Diſtance; 
it is plain that that Body will deſcribe an Orb 
exterior to the Elliptic Orb before deſcrib'd, i 
(when the Force was reciprocally as the Square 
of the Diſtance) except in the upper Apſis, Wi 
whence it did fer out; that is leſs Excentric ; MW 
and that that Excentricity will yet be diminiſh'd, 
ik in the Aſcent of the Body the Centriperal | 
Force decreaſes leſs, or ſlower than before. | 
Let the Satellite Lin the former figures and 
in "Boa be ſuppos'd near the Quadrature in Cc, 
in which caſe the Force N vaniſhes, and by- { 


ſides 
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; ides 'the ks by which the Primary T draws 
S he Satellite L, which is reciprocally as the 
- WSquare of the Diſtance, the Satellite will be 
l rg'd by a Force as A M, which is as the Di- 
f Wance L 7 directly. And the Force made up of 


Ty 


them (by Cor. Prop. 7.) as you recede from the 
Center, decreaſes, leſs than in a Duplicate Ra- 
tio of the encreas d Diſtance, and as you go to 
ide Center, encreaſes leſs than in a Duplicate 
atio of the diminiſh'd Diſtance : Therefore 
if the Body, during one whole Revolution, is 
BY > Ampere by this Force towards the Center, it 
vou'd deſcribe an Orb leſs excentric than if 
1 hat extrinſecal Force A M was taken away, and 
it was urg'd only by the Force with which T 
1 3 raus L, which is inverſly as the Square of the 
Diſtance; and therefore, in that part of the 
IF Revolution where it is impell'd by that Force, 
8 t deſcribes a part of an Orbit leſs aa, i 
than if the ſaid Force AH was away, 
If the Satellite be in the Syzygies as in B or 
1 6. when the Force 4 M vaniſhes, the Force 
AAN is taken away from the Force by which 7 
e | © draws L; that is, a Force which is as the Di- 
nl © ſtance is taken away from a Force reciprocally 
>. if —— to the Square of the Diſtance; 
b | 3 therefore the remaining Force by which the 


* * * Oo G8 Oh — {1 


12 Mags 
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Satellite 7 is now urg'd (by Cor. Prop. 7.) as you 
approach to the _ encreaſes more than 
s, in a Ratio of the diminiſh'd Diſtance, and de- 
: : creaſe in the ſame manner as you recede from 
d, the Center; and beſides, by what has been 
al ſhewn, if the Satellite, Mring one whole Re- 

volution, was impell'd towards the Center by 


1d that remaining Force, it wou'd deſcribe an Orb 
C, more excentric than that which it wou'd de- 
:- {cribe, if it was urg d only by the attracting 
ey Forcg 


* 

z 

'Y 
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Centripetal Force which acted upon it when it 
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Force of T; and therefore much more excentric | 
than it wou'd deſcribe if it was urg'd by that 


was in the Quadrature at C: Whence in that 
part of its Revolution when the extrinſecal 
Force MN is the greateſt (that is, in the Syzy- re 
gies) the Satellite deſcribes a part of an Orbit Mea 
more. excentric than when it is in the Quadra- # 
tures; or, in other words, the Excentricity of, 
an Orb deſcrib'd by a Satellite, is greater when FF 
the Satellite is in the Syzygies, and leſs when 


* 

. 7 * F | 
= ex- ic 
om C 

"oz 


mh 
the Satellite deſcribe part of an Orbit belonging ſa 
to a more excentric one: wherefore as a Satel- th 
lite goes from the Quadratures to the Syzygies, IL. 
its Orbit becomes more and more excentric, till gi 
the Satellite being come to the Oppoſition or ga 
Conjunction with the Sun, the Orb become ſt: 
moſt excentric of all, the Force N (which at Hh 
other times is take ) then exiſting alone, tt 
and being greateſt and moſt direct. But after- g 
ward as the Satellite goes towards the Quadra- R 
ture, the Excentricity begins again to diminiſh, E 
becauſe the Force 4 M, which diminiſhes it i 


: 
af 


en- 


: 
- 
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W:ncreas'd. Therefore the Excentricity of the 
i WOrb, as the Satellite goes from the Quadratures 
it o the Syzygies, is continually encreas d; and 
it s it goes from the Nasse, to the Quadratures, 
al s continually diminiſh'd : And therefore is the 


reateſt (ceteris paribus) in the SyZygies, and the 
eaſt in the Quadratures. 


1 PROPOSsITTION XIII. 7 
Hk ſame things being laid dawn as in the 
> foregoing Prop. I ſay, that if ſeveral Rewe- 
tions of the Satellite be compar d together, the ex- 


al entricity of the Orbit of the Satellite is greateſt, 
N ben its Apſes are in the Rs ; and then that it 
in . continually diminiſh d when the Apſes paſs from the 
1d Fyzygies to the Buadratures with the Sun, where it 


comes the leaſt ; but when the Apſes go from the 
u- Quadratures to the Syzygies the Excentricity is conti- 
e- Pually encreas d. | 7 7 
This is prov'd the ſame way as the laſt Propo- 
ition but one, For (by Cor. Prop. 7.) the Forces 
Ft the Satellite in the Quadratures, encreaſe'or 
ecreaſe leſs than in a duplicate Ratio of the 
Aimintſh'd or encreas'd Diſtance : Wherefore if 
es the Apſes of an Orb are in the Quadratures, the 
ng ſaid Ratio of the whole encreaſe or decreaſe is 
el- the leaſt in the paſſage between the Apſes. 
es, Likewiſe, the Forces of a Satellite in the Syzy- 
till gies encreaſe or decreaſe more than in Mupli- 
or cate Ratio of the diminiſh'd or enc Di- 
me i ſtance ; and therefore if the Apſes of the Orbit 
| at L happen to be in the Syzygies, the ſaid Ratio of 
ne, the whole encreaſe or decreaſe of the Forces is 
greateſt of all between the Apſes; that is, the 


er- 
ra- Ratio of the whole encreaſe or decreaſe of 
iſh, Forces is leaſt when the Apſes are in the Qua- 
t ii Aratures, and greateſt when they are in the Sy- 
en . 25 gies; 
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Zygies ; and therefore it is continually encreas d 
in every Revolution of the Satellite about the 
Primary, whilſt the Apſes go from the Qua- 
dratures to the Syzygies, and continually di- 
miniſh'd whilſt they go from the Syzygies 
to the Quadratures. But it has been ſhewnſÞ 
by the foregoing Prop. that if in each Revo- 
lution of a Satellite the Ratio of the en- 
creaſe or decreaſe of the Centripetal Force be 
augmented, the Excentricity of the Orb will” 
kkewiſe be augmented ; and on the ung. F 
the Excentricity will be diminiſh'd, if that Ra 
tio decreaſes: And therefore whilſt the Apſes 
paſs from the Quadratures to the Syzygies, the 
Excentricity of the Orb is continually encreas d. 
and in their paſſage from the Syzygies to the 
Quadratures, perpetually diminiſh'd ; therefore 
the greateſt Excentricity of the Orb is when 
the Apſes are in the Syzygies, and the leaſt 
when they are in the Quadratures. And by rea- 
ſon of the length of the time that the Apſes r 
ſtick near the Quadratures or the Syzygies, the 
encreſe or decreaſe of the Excentricity becomes H 
very ſenſible, and the inequality between the 4 

Excentricity in one cafe, and the Excentricity Vi- 
in the other is the greateſt of all. Q. E. D). 
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SECTION III. ore” 


Df the Errors which the Sun produ 
18 the Motion of a Satellite, when the 
„ the Orbit deſcrib d by it is inclin d tobe 
Plane ef the Orbs deſcrib d about the Sun 


. & w_ 


* 


C 


y the Primary. 


% "of; : | 
E have in the firſt Book, treated of the 
x Errors of a Satellite in Latitude in ge- 

Feral in the 61ſt Prop. and more 1 af- 
rwards in the 64th Prop. when we ſhew'd the 
Walon of the Preceſſion of the Equinoctitial 

Points ariſing from the ſame Cauſe, Yet we'll 

re the liberty to transfer ſome of thoſe things 
cher, as to their proper place, and explain 
a. her things more particular concerning theſe 
ZXATIOTsS. 
_ PROPOSITION XIV. 
F Satellite revolves about a Primary Planet, in 
2 Orb whoſe Plane is inclin d ta the Plane of the 
Fr imary about the Ecliptic, the Line of the Nodes will, 
== 4a»: angular Motion be mov'd in antecedentia, 
nh an unequal Velocity; with the greateſt when 
e Nodes are in the Quadratures with the Sun, af= 
Rr ards flower, when the Nodes being in the Syzy- 
Wc: it u altogether at ref. In the places that are 
ue, the Quadratures and the Syzygies, the Nodes 
prticipating of each conditiomrecede ſlower ; therefore 
ing always either Retrograde or Stationary in sach 
evolution of a Satellite about the Primary, they are 
Fried in antecedentia: and in the ſame Revolution 
Satellite they go back faſter, cæteris paribus, 
en the Satellite is in the Syxygies. 1 

1 et 


Satellite L ariſe from the Forces of it that are 


in that caſe are at reſt,” when their Motion is auf 
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Let S (as often before) denote the Sun; I 
(#2.14.) ET E the Orbit of a Primary Planet 7; 
CBDG the Orbit of a Secondary L about chef 
Primary: Let the Right-lines 8 L, S7, be 
drawn, and if there be occaſion, let em bel 


prg d, and in them be taken the Point 1 
N, and let 4M be drawn. It is plain 
from Prop. 60. Book 1. that all the Errors of che 


as AM, MN, and with the direction of thofe . 
Right lines. Now the Force acting on L, ac. dhe 
—— to the Direction of the Right line 4 14, 1 
(that is, according to the Right line LT) doe; u * 
not diſturb the Motion of Z in Latitude, when 
LT is in the Plane of the Orb CB DPG. Be- 
ſides, if the diiection of another Force as AN 
lye alſo in the Plane of the Orb CB DG (that is, 
it a Right line drawn thro L and parallel ˖0 J g 
MN lies in a Plane parallel to CB DG,) neither 5 Pr 
will it then diſtucb the Motion of the Satellite 90 

in Latitude. But MN or ST, when it is in che 


© 


n 
| ( 


CBDG, if it be the common interfe&tion off T 
thoſe two Planes, namely, of the Primary and pr. 
Secondary Orb; "that i is, if the Nodes be in the .2 
Syzygies. Therefore che Nodes being in the e 
Syzygies, there will ariſe no Error of the Mo, ib 
tion in Latitude, neither from the Force 4 M8 
nor from the Force MN, which are the on « 
Forces that diſturb the Motion of a Satellite; 9 
therefore there will be no Error in Latitude 
Whence the Line of Nodes and the Nodes alſo d- 
Error ariſing from ſome diſturbing Force. 
But when the Nodes of the Orbit CB Dl 

[ fig. 15.] are in the Quadratures C and D, cM 
Force MN very much diſturbs the Satellite 
Mobs 


7 ns 


Lotion in Latitude; becauſe in that caſe the 
ine MN (and LF drawn thro' L parallel to it, 
ong which the Force MN of the Satellite L 
xerts it ſelf) is moſt of all inclin d to the Plane 
the Orbit CBDG, wiz. as much as the Planes 

MF che Orbs STE and CB D G areinclin'd to one 
in other. In that caſe let us ſuppoſe one part of 
ge die Plane CBDG, wiz. CGD, to be raisd a- 
re ve the Plane of this Scheme (which agrees 
fe Wich the Plane of the Primary Orbit STE) and 
c. the other CBD to be depreſs'd below it: And 
11, Iſt the Orbit CbDg be ſuppos d equal, ſimilar, 
des Id alike poſited, in reſpect of the Center 7 
en ich the Orb CBDG: Therefore in this caſe, as 
ge. Jon as the Satellite L paſſes the Node C, that 
N. may come to the Conjunction with the Sun 
is, G, the Force MN with the direction of the 
to Night-line AN or its parallel L, that is acting 
m L towards E, draws it from the Orbit 


„ 
= 
i 
ef 
8 


the Meding continually towards S from the Plane 
am DO until the next Node, it does not now go 
a e the Plane STE or Cg D in the Point P, 
and ro which it wou d paſs, if that Force was a- 


Mo. Pib'd by a Satellite (when urg d by the Force 
N) is nearer to the Sun than the Point D, in 
only ich it was found in the foregoing Revolution 
che Satellite. 

tude Likewiſe, whilſt the Satellite goes from the 
alle de D, to its oppoſition with the Sun in B, 
Force 1 N acting in the Direction 14 N 
mM towards N, or from L towards F makes 
Satellite L continually recede from the Orbit 
c, and deſcribe an Orbit lefs inclin'd to the 
jure ne SE7, or DC. And ſince this Force on 


the 
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the Satellite L exerts it ſelf till it vaniſhes, name. 
ly, when the Satellite is come to the QuadratureW 
in C, it alſo makes the Orbit truly deſcrib'd by 
the Satellite ſooner to interſect the Plane b Cp Df 
than the Orbit D B CG, or a little nearer to ji 
than the Point C, and there makes the Node off 
the Orbit of a Satellite with that of its Primary 
And the ſame will again happen when the Sate 
lite goes the ſecond time thro' the ſame Circh Me 
CGD; namely, the Node or Point in which the 
Satellite goes thro'b Cg D, is in antecedentiæ in 
reſpe& of the Point in which it had gone thro! } 
it the time before, and ſo on; that is, this Force 
M N forces the Satellite to deſcribe an Orbit, 
whoſe Nodes go ix antecedentia at every Revolu- 
tion of L about 7; but the Nodes go backward 
the faſteſt of all when they are in the Quadra, 
tures C and D, becauſe (as it has been befor 
ſhewn) the Right line M N or L F according ti 
which the Force NN acts, which cauſes the 
Regreſs of the Nodes, is moſt of all Right oi 
Perpendicular in that caſe to the Orbit CG DB 

Beſides, what is aſſerted of the Situation on 
the Nodes between the Cs and Syzy 8" 
gies, is ſelf evident, becauſe the Right line A414 75 
is in that caſe more oblique to the Plane GD ; 
and therefore has not ſo much Power to diſturl ur 
the Satellite from it. And ſince the Regreſs of 
the Nodes depends upon the Force M N, tha 
Regreſs is (ceteris paribus) greateſt, when tha FE: 
Force is greateſt, that is, when the Satellite if -* 
in the Syzygies. ©. E. D. | i] 

If the Inclination of the Orb of a Satellit 
to the Plane of the Orb of the Primary abou 
the Sun be chang'd, the Motion of the Nodes i 
not ſenſibly chang'd, unleſs the change of the In 


clination be too great; for the Force that give 


TI 


ol 


_ 
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lotion to the Nodes is not much chang d in that 
3 10-3 e * : | 4 
Te .% 


PzorostTION XV, 1 90 
HE ſame things being laid down, I ſay that 
off the Inclination of the Plane of the Orb of a Sa 
„75 ite to the Plane of the Orb in which the Primary re- 
el Wo/ves about the Sun, is continually chang d, and is 
ce e greateſt when the Nodes are in the Syzygies with 
he ie Sun; and the leaſt (cæteris paribus) when they 
ine! in the Quadratures: And beſides, that in this caſe 
ro WW [id Inclination is diminiſh'd whilſe the Satellite 
"co es from the Qu adratures to the Syzygies, and that 
i again augmented hilt the Satellite piſſes from 


"It | 
Iu. yes to the Luadratures. Whience it happens, 
ar ben the Satellite is in the Syzygies, the Inclina- 


of the Planes is the leaſt, and returns nearly to the 
Ver Quantity when the Satellite is come to the next 
ae. 1 ſay beſides, that when the Nodes paſs from 
"he Þ S12ygies to the Duadratures, that Inclination of 
Planes diminiſhes, and becomes leaſt of all (cæte- 
8 paribus) en the Nodes are in the Quadratures ; 
eben that it encreaſes by the ſame degrees that it 
eas d before, and the Nodes being again return'd 
the Syxygies, it returns to the firſt Magnitude. 


1 oo 
AL 


50 Tho' all the Parts of this Propoſition follow 
tun B ily enough from the 61ſt Prop. B. T. yet we 
5 A ul in this place explain them more fully, 
cha d demonſtrate each of them by a particular 


Hheme. 
thi Firſt, let the Nodes of the Satellite L | fig. 16.] 
in the Syzygies with the Sun S; that is, let. 
> Line of the Nodes produc'd paſs thro the 
n; in which caſe the Right line AN (which 
been demonſtrated in Prop. 61. B. 1. to ſhew 
its Poſition the Direction, and by its Mag- 
ude the Quantity of that Force, which only 
D d d af- 
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affects the Motion of a Satellite in Latitude) 
is in the Plane of the Orbit of the Satellite L: ie 
And therefore howſoever it diſturbs the Motion ©: 
of the Satellite in the ſaid Plane, it does not Anu 
impel it to any Motion out of the ſaid Plane t 
BCGD; that is, it does not at all affect the MPea 
Motion of the Satellite in Latitude, but leaves h. 
the Satellite undiſturb'd as to its Motion in La. 
titude, to deſcribe his Orbit about its proper 
Primary. And as that diſturbing Force AN 
by its nature always diminiſhes the Inclination 
of the Orb of the Satellite to the Orb of the For 
Primary, and never encreaſes it but by acci. For 
dent, upon account of its making the Nodes to- f 
go in antecedentia; it ĩs plain that the Inclination re 
of the ſaid Orbs is greateſt of all, when the tio 
Nodes are in the Syzygies. =_— 
Now ſuppoſing the Nodes to be in Quadra. Pre 
ture with the Sun, as ſoon as the Satellite has aft 
paſs d the Node C or D, being impell'd by the Ri 
Force MN, and according to the direction L Ine 
from L to F, it is continually drawn from the Pre 
Plane of the Orbit CG DB (which, without this d tf 
it wou'd deſcribe) and deſcribes an Orbit, whoſe a 
Plane is leſs inclin'd to the Plane of the Orbit 
of the Primary Cg D. That this may appea gi 
the plainer, let ST reprefent (in fg. 17. the Eye 
being ſuppos'd in the Line of the Nodes) the pp 
Plane of the Primary's Orbit about the Sun foi 
TL the Plane of the Secondary inclin d to the Hrim 
Plane ST by the Angle LTS, or the Comple. lan 
ment of it to two Right. The Satellite ac in“ 
drawn by the Force MN from L towards Vi 
that is, from the place L to the place I, -deſcribelf 
an Orbit, whoſe Plane T1 is inclin'd by a 1:5 
Angle ITS to ST the Plane of the Orbit of tie 
Primary about the Sun. And this change a 


— t ' 4 


3 
L 1 


Book IV. of As TRONOMT. 515 
e Inclination of the Orb of a Satellite to the 
eb of the Primary is (ceteris paribus) by ſo 
uch greater as the Force AN which produces 
is greater: But the Force MN is greater the 
Pearer the Satellite is to the Syzygies G and B. 
AT herefore the Nodes ſticking at the Sun's Qua- 
Wratures, the Inclination of the Orb of the Sa- 
llite is the leaſt, when the Satellite is in the 
*$yzygies. Again, becauſe the Right line M N 
d its parallel LF (viz. the Direction of the 
orce which diſturbs and diminiſhes the Inclina- 
j. Fon) is nearer to a Perpendicular to the Plane 
o If the Orbit of the Satellite when the Nodes 
Fre in the Quadratures, than in any other Situ- 
ion of the Nodes; in that caſe, the change 
If the Inclination will be the greateſt, there- 
z. Pre the Inclination of the Planes will be the 
*Eaſt : For the nearer the Angle FL comes to 
Right, che greater Angle does the little Right 
Ine L / (of a given Length ſubrend. There- 
Pre the Inclination of the Orbit of a Satellite 
che Orbit of its Primary Planet will be leaſt 


«ll all, when the Nodes are in the Quadratures 

bit ind the Satellite at che ſame time in the Sy- 
IF gies. 

Ny & Moreover, let S756 fg. 18. the Eye being 

che ppos d in the Line of the Nodes produc'd, as 


then ima revolving about the Sun; GTB the 
ple. lane of the Orbit of a Satellite, whilſt it is in- 
t in'd to the former Orb by this ſmall Angle, 
5s. GTg or BTO) which happens (as has been 
abe ew) when the Satellite in the Syzygies with 
eh de Sun, is ſeen from T. And ſince it has been 


en, in the foregoing Prop. that the Nodes of 

e Orbit of a Satellite go in antecedentia, the 

rbit which the r going from G, (when 
* 


ſeen 


J 
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ſeen from 7, it was in Conjunction with the 43 Al 
Sun) deſcribes, will meet with $7 B on this t 
ſide T in reſpe& of the Sun, and will be the t 
Line G 4; and the Orbit which it deſcribes go- eh 
ing from B, where it was in Oppoſition with N 
the Sun, wiz. the Line Ba, will meet with the WP" 
Plane ST at 4, wiz. beyond T, in reſpect of WW 
the Sun. Now it is plain that the Line G4 or an 
B contains a greater Angle with ST to JB. 
and , than that which GT or BT contains with it 
the ſame Plane S TU; wiz. about equal to that h 
which the Orbit of the Satellite contain'd with Ho 
the Plane ST, when the Satellite was near a h 
Node. Therefore when the Nodes are in the d 
Quadratures, the Inclination of the Plane o s 
the Orbit of the Satellite diminiſhes, as the Sa- h- 
tellite paſſes from the Quadratures to the Syzy. y 


Plane of the Orbit of the Primary) is the great No 
eſt when the Satellite is in the Syzygies, an ) 
leaſt (becauſe none at all) when it is in the Qua 
dratures, and that it does moſt powerfully prof 
duce this Effect, (ceteris paribus) when the Sat 
lite is in the Limit; it is plain that by how mud 
the Limits are neareſt to the Quadratures whe 
the Satellite is in the Syzygies, by ſo much 1 
does this Force MN diminiſh the Inclination d 
the ſaid Planes, becauſe its Quantity is non 
when the Satellite is in a ſituation which is tl 
moſt convenient for the producing of this Effcig .. 
20 | 


A * 
WW 
5 
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o and its Quantity is greateſt when by reaſon of 
is the Satellite's ſituation, this Effect ceaſes. And 
n the other hand, ſince it has been lately ſhewn 
hat the Force MN, by bringing round the 
h Nodes in antecedentia does again increaſe the ſaid 
je Inclination, and very powerfully encreaſe it 
of hen the Satellite is near either of the Nodes, 
or and that in the mean time the Force it ſelf is 
I greateſt when the Satellite is in the Syzygies ; 
ch it is plain that by how much they are nearer to 
at the Syzygies with the Sun, by ſo much more 
ch; does the Force MN encreaſe the Inclination of 
the Planes. And therefore ſince the Limits are 
2qually near to or remov'd from the Quadratures, 

s the Nodes are to or from the Syzygies, it is plain 
hat by how much the Nodes are nearer to the 
Pyꝛygies, by ſo much is the Inclination of the 
Plane of the Orbit of the Satellite, to the Plane 
pf the Orbit of the Primary greater, and fo 
much lefs as the Nodes are nearer to the Qua- 
Aratures. And becauſe (by the foregoing Prop.) 
he Nodes are carried in antecedentia, this inclina- 
ion of the Planes is diminiſh'd, whilſt the Nodes 
Paſs from the Syzygies to the Quadratures, and 
Pecomes leaſt of all (cæteris paribus) when the 
Nodes are in the Quadratures; then it encreaſes 
y the ſame Degrees by which it had before de- 
Freas d, and the Nodes being again got to the 
©Þ)2)gies, it returns to its firſt Quantity. Q. E. Ds 


Ddd 3 PR O- 
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ProPOSITION XVI. 


I LL the Inequalities before deſcrib d, which hap- | : 

en in the Motion of a Satellite, as well thoſe g 
that affect its Motion in length, as thaſe that affect it it 
ju Breadth or Latitude, as well thoſe which happen fl tl 
to 4 Concentric, as thoſe that happen to an Excentric g 
Orbit, are ſomething greater in the Conj unction of 4 {| 
Satellite with the Sun, than in the Oppoſition. £ 


. . Becauſe (by Prop. 25. El. 5.) the Sum of the 

greateſt and leaſt of Four Quantities Geometri-W, 
cally Proportional, always exceeds the Sum of h 
the Two others; by taking away on either ſide 
the Sum of the Two leaſt, the Interval of the 
greateſt and next leaſt will exceed the Interval a 


of the next greateſt and the leaſt. And becauſe li 
(by the Conſtruction of Prop. 14.) the Satellite t! 
[ Fig. 19.] being in Conjunction with the Sun at 


G, SMisto S N, (by reaſon of the ſmalne; 
of NT in reſpect of SN) that is to ST in 2 
Duplicate Ratio of & T to SG; the Right line. 


0 
MT exceeds the Double of TG: For that b 
which is next to the greateſt exceeds & B. A. Þ 
gain, ſince when the Satellite is in Oppoſition uv 
as at B, Sm is to ST, in a Duplicate Ratio off ſ. 
STtoSB; the Right line T. (for the ſame u 
reaſon) wants of being equal to twice 751 p 
therefore 7'14 much more will want of being 1: 
equal to Tm, that is, NM exceeds Nm. Bull tl 
NA, Nm repreſent the Forces reſpectively di C 
ſturbing the Satellite in the Conjunction ano tt 
Oppoſition; and therefore the Effects of the «1 
former are greater than the Effects of the latter 


v 
And ſince beſides the Forces repreſented bi i: 
NA, Nm (which are the only Forces that d, ji 
ſturb the Motion of the Satellite when it is if p 

d 


dhe very Conjunction and Oppoſition) and thi 


* p 
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another Force, as A M (which diſturbs the Sa- 
tellite near the Syzygies) is greater in the Con- 
junction than in the Oppoſition, viz, in that 
greater than the Radius LI, and in this leſs ; 
it is evident that all the Inequalities 9 in 
the foregoing Prop. are (caters paribus) ſomething 
greater near the Conjunction of a Satellite with 
the Sun, than near the Oppoſition with it. 
| ©, Z. D. 5 $4.” | | Tr. 
* CHO LIUM. 5 
The foregoing Propoſition wou'd always 
bold true, if the Orbit of the Satellite was con- 
= centric with the Primary; otherwiſe it won'd 
only hold in an entire Revolution of the Apſes 
about the Sun. But the Motions of the Satel- 
lites when ticely obſerv'd; ſeem to ſhew that 
the Center of the Circular Orbit of a Satellite is 
ſomething farther from the Sun than the Center 


of the Primary Planet; to the intent, that the 
Satellite may all along accompany the Primary 
ne Planet. For if the Center of the Satellite's Or- 


bit was the ſame as the Center of the Primary 
Planet, the Satellite leaving the Primary Planet 
wou'd. fall into the Sun. For the Satellite de- 


ſcribing its Orbit, makes that Orbit to be look d 


upon as an heavy Ring, and the gravity of each 
part of that Ring is to be look'd upon as the 
ſame with the gravity of the Satellite in it, and 


cl that place to be reckon'd heavy which is the 


Center of Gravity of it. And ſince by Prop. 16. 
the accelerating gravity of a Satellite towards 
the Sun, over and above the accelerating Gra- 
vity of the Primary towards it, is more encreas'd 
in the inferior part of its Orbit near the Con- 
junction, than it is diminiſh'd in the ſuperior 
part of it near the Oppoſition, and the Satellite 
dwells as long in the one as in the other ; the 

| | Dad d 4 Center 
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Center of Gravity of the ſaid heavy Ring or 
Orbit, and therefore the Orbit itſelf is urg'd 

by a greater accelerating gravity to the Sun 
than the Primary; therefore leaving the Pri- 
mary it will come nearer to the Sun: which 
alſo will much more be true, if the Center of 
the Circular Orbit be nearer to the Sun than the 
Center of the Primary. But the Center of the 
Orbit is ſo plac'd by the All- wiſe CREATOR 
according to the Diſtance of each Primary 
from the Sun, that the Center of Gravity of the? + 
ſaid Ring (look'd upon as heavy) be as far d.. 
ſtant from the Sun as the Center of the Primary 
Planet, left the one ſhou'd be left by the other 
this alſo holds good in Excentric Orbs, the gra- 5 
vity of each ſmall part of the Orbit being eſti- ni 
mated by the time that the Satellite ſtays in it. b. 


* 117 
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i- SECTION IV. 

off the Errors which the Sun produces in 
ne the Motion of a Satellite, when the 
he Primary Planet is mov'd in an Excentric 
RES Orbit about the Sun. | £ 
4 $ ProPosITION XVII. 


ry BEET F by reaſon of tbe Diſtance being encreas d and di- 
r. miniſh'd by turns between the Sun S and a Pri- 
a- ary Planet T, the action of S be encreas d and di- 
ti ¶viniſu d by turns; LT the Radius of the Orbit of 
9 be Satellite will at the ſame time be encreasd and 
1 diminiſh'd, and the Periodical Time of the Satellite 
about the Primary will be encreas d and diminiſh'd 
In a Ratio compounded of a Seſquiplicate Ratio of the 
Radius, and the Subduplicate Ratio by which the at- 
rating Force T of the Primary Planet is diminiſh'd 
or augmented by the encreaſe or decreaſe of the Sun's 
action. [Fig. 20. ] | 

The Force with which the Primary 7 draws 
i the Satellite L (namely that by which L is kept 


in its Orb BCG D) is encreas'd (as it has been 


* 
* 
& © 


r often ſhewn above) when L is in the Quadra- 
tures Cor D by the addition of an extrinſecal 
Force ariſing from the Sun S, which is as AM; 
and whilſt L is in the Syzygies, that attracting 
Force of the Body T is diminifh'd, by taking a- 
way a Force which is as MN, And becauſe 
"? RAN perpendicular in the Syzygies (by Prop. 9.) 
has been ſhewn as it were twice greater than 
Au in the Quadratures, by reaſon of theſe Ex- 
frinſecal Forces ariſing from the Sun, the ar- 

N 8 . 0 ES, g 1 * 5 tracting 
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tracting Force of the Primary is leſs diminiſh'd 43 | 
than it is encreas d; and therefore it muſt ſimply 
be look d upon as diminiſh'd. And becauſe the 
attracting Force of the Body 7 is that by which 
L is kept in its Orbit; if it ſhou'd decreaſe by de. 
grees, the Satellite L wou'd (being leſs and lefW 
attracted) continually recede from T; and on 
the contrary, if that Force was encreas d in the 
Primary, then it wou'd approach nearer to 7 
Therefore the Action of S, the Sun's Body, be. 
ing encreas d as 7 comes nearer to it, the Abl. Þ 
ritious Force (or Force which is to be taken away) 
will be encreas d, and conſequently the attra 
Ring Force of the Primary T will be diminiſh 7 
by degrees, and for that reaſon T L the diſtance! 
of the Satellite will be encreag'd ; and on the 
contrary, the Action of S it ſelf being diminiſh'{ 
by the Receſs of the Primary T from it, AN 
will be diminiſh'd at the ſame time; and again, 0 
T its attracting Force will be encreas d, and the 
Satellite will again approach the Primary. And. # 
theſe things will happen by turns: namely the 
Orbit of the Satellite will be dilated whilſt the 
Primary is in the Peribelium, and will be con-“? 
tracted again when it returns to the Apheliun, 
Befides, the Force in the Primary which draw 
I poſited at different Diſtances, or the Centri. 
petal Force of the Satellite L towards 7, is (b 
Prop. 26. B. 1.) in a Ratio compounded of the ©: 


_ 


ſimple Ratio of the Radii directly, and the Du 
plicate Ratio of che Periodical Time of L abou 1 
T inverlly : therefore if the Radius remains the R 
ſame, the inverſe Duplicate Ratio of the Peri- 
odical Time is the fame with the Ratio of the d 
Centripetal Force of the Satellite L; that is 

the Square of the Periodic Time is encreas d in 

the ſame Ratio in which that Centripetal For 


219 
NF 


rs. 
. 
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WY: ciminiſh'd, or the Periodical Time it ſelf is 


ly W&ocreas'd in the Subduplicate Ratio in which the 
ne WaidCentripecal Force is diminiſh'd ; and on #* 
c<M&ontrary, the Periodical Time is diminiſh'&m 
e. he Subduplicate Ratio in which the Centripe- 

l Force is encreas d. And beſides, as the Law 


f Attraction in the Primary 7, or of the Cen- 
helWripetal Force in the Satellite L, is ſuch, as to 
He reciprocally as the Square of the Radius TL, 
e. and the extrinſecal Ablalisious Force be in reſpect 
. pf it very ſmall; the remaining Force by which 
) does yet tend toward 7, is almoſt in a Dupli- 
ra. — Ratio of the Radii inverſſy; therefore (by 
u Prop. 28. B. 1. ) the ſame abſolute attractive Force 

remaining in 7, (tho the Radius be any way 


bo hang'd) the Squares of the Periodical Times 
bd are as the Cubes of the Radii, and therefore 


the Periodical Times are in a ſeſquiplicate Ratio 
in, of che Radii, Therefore if neither the attra- 
"Five Force remains the ſame in the Primary Z, 
nd but is by turns encreas' d and diminifh'd by the 
Action of the Sun, nor the Radius TL continues 
the ſame, (which we have before ſhewn to be 
liable to change) the Periodical time will alſo 
n, be encreasd and diminiſh'd in a Ratio com- 
u, pounded of the two former Ratio's: that is, if 
the Action of the Sun 5, by which the attracting 
(b Force of the Primary T is djminiſh'd, be dimi- 
the niſh' d and encreas d by turns; likewiſe the Pe- 
Du. triodical Time will be encreas'd and diminiſh'd 
out in à Ratio compounded of the Seſquiplicate 
che l! Ratio of the Radii, and the Subduplicate Ratio 
eri. in which the attracting Force of the Body T is 
che. diminiſh d or encreas d. 2. E. D. 
A.  SCHOLIUM. 
in If the Force attracting the Satellite T be aug- 


rer mented any other way than by an extrinſecal 


3 


2 
* 
1 
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Force ariſing from the Sun, as for Ex. if by à Hut 
new acceſſion of Matter the Primary becomes 
bigger, and for that cauſe (by Prop. 49. B. 1.) iti 
Akraction becomes great in that proportion Mhh 
the Satellite L will both revolve in a leſs Orbit hut 
with the diminiſh'd Radius 2 L, and its Periodi- Mar 
cal Time will be diminiſh'd in a Ratio com. Man 
pounded of the Seſquiplicate Ratio of the Radi es 
directly, and a ſubduplicate Ratio of the attrra -- bo: 
cting Forces of the Body T inverſly ; as before: 
likewiſe, if the Primary be diminiſh'd by the 
taking away ſome of its Matter, the periodical 
Time of the Satellite will be encreas'd. For 
the compound or the remaining Force, by 
which the Primary being encreas'd or diminiſſid 
draws the Satellite, is preciſely in a Duplicate 
Ratio of the Diſtance inverſly, which only holds 
good in the caſe of the 2 Prop. The 
ſame will happen in reſpect of a Primary, 
which has been here ſhewn of a Secondary, if 
the Sun ſhou'd in any wiſe be encreas'd or di- 


miniſh'd. = 

2 PROPOSTTION XVIII. 1 
| HE ſame things being laid down, in a dilated 
or contracted Syſtem of a Satellite, the Periodi- 

cal Effe&s of the diſturbing Forces, or the Linear Er. 
rors of a Satellite in any Revolution, are as the Radi 
of the Orbits and the Squares of the Periodical Time: 
Joyntly: But the Angular Errors of it ſeen from the th 
Center of the Primary, are as the ſaid Squares of tbe is 
Periodical Times. | fig. 21.] ME af 


ig 


For the difturbing Forces, or the Forces or 
which cauſe Errors, viz. AM, MN (other tu 
things being as before) are as the Radius TL; ce 
and therefore the Periodical (Errors or) Effects fr 
of em, are (by Cor. Prop. 23. B. 1.) as the Forces i b 


and the Squares of the Periodic Times jointlß 1 


A 
7 
* 


1 
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But theſe Errors are Linear Errors, namely, mea- 


rd by the Diſtances of Bodies from ſimilar 


igures in thoſe places, to which the Bodies in 


e ſame proportional Times wou'd come with- 


bur thoſe Forces. And for that reaſon the angu- 
War Errors ſeen from the Center 7; - that is, the 
FAngles under which the ſaid Linear Errors ap- 
Pear from the ſaid Center, are in every Revolu- 
jon of the Satellite L as the Squares of the 
Times of the Revolution nearly; the other of 


e compounding Ratio's (viz. the Ratio of the 
adii ) vaniſhing, becauſe the Linear Errors are 
>en at the diſtance of the Radii. 
| SCHOLIUM. 
Tho' all the angular Errors in the Motion of 


EK Sarcellice, ſeen from the Center of the Primary, 
re chang'd as the Satellite's Period is chang'd ; 
pamely, the Motion of the Apſes or Apſides, 
"he Regreſs of the Nodes, and the other before- 
mention d Deviations, as well in Longitude or 
Length, as in Latitude, ariſing from the extrin- 


ſecal Forces of the Sun; yet, as in one Period 


Jof a Satellite, ſome of thoſe Errors are ſcarce 
ſenſible, and not remarkable till after ſeveral 
Revolutions, and ſome Errors compenſate for 
others, therefore they have been the leſs known 


iii to Aſtronomers; at leaſt one Error deſcrib d in 
me. Prop. 1. by which the Motion of a Satellite in 


the Quadrants of its Orbit before the Syzygies, 
is accelerated, and retarded in the Quadrants 
after them, which happens every Revolution, 


or every halt Revolution : for in the Quadra- 
tures of the Sun this Error ceaſes, the Cauſe 
ceaſing. Therefore this Error, as it is deduc'd 
from the ſaid Prop. 1. or rather as it is corrected 
by Cor. Prop. 2. by this 18th Prop. (its Periodical 
Time being encreas' d or diminiſh'd ) in one of 

its 


* 


. 
1 * } 
= * * 
Wo 
1 
| 
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its whole Periods is encreas d or diminiſh'd in a 
Duplicate Ratio of the Time between the Qua- 
dratures. But the time between the Quadra- 
tures does not depend upon the Period alone, 
but is greater or leſs according as the Satellite“ 
place is near to the upper or lower Apſis in its 
proper Orbit. | | 


PrxoePOStTION XIX. bk 4 
FF 4 Primary Planet be mod d about the Sun at a 
great diſtance from it in an excentric Orbit, the  ® 
Forces of the Sun diſturbing the Motion of a Satellite 
and.their Effects, viz. all the above deſcrib'd Errors 
in Longitude, Latitude, and Altitude, are reciprocally i 
as the Cubes of the Diſtances of the Primary from the i 
Sun; that is, direftly as the Cubes of the apparent 
Diameters of the Sun ſeen from the Primary. 
[Fig. 29 | 1 
Becauſe the Sun is ſuppos d at a great di- 
ſtance, the diſtance between the Points 7” and b 
Nin compariſon of S, vaniſhes, or SN, S7 
are equal. And ſince the Excentricity of the l 
Orbit C BDG (if it has any) being compar'd F* * 
with T'S will alſo vaniſh, $ K will likewiſe be- Me! 
come equal to $7; Beſides, 7'S being encreas d g. 
or diminiſh'd, the Orbit CB DG together with o 
the Lines TIL, MN, AM, Cc. that depend 
upon it, are encreas'd and diminiſh'd by the fore- 
going Prop. And indeed, by reaſon of the great 
diſtance of the Sun 5, they are all encreas'd or 
diminiſh'd in the fame proportion; that is, the 
the Right line A M (which in its middle Quan- 
tity is equal to I L, becauſe when the Satellite 
is in Conjunction with the Sun it becomes great- | 
er, and about the Oppoſition leſs) is to LT as 
SK to ST; therefore a Force as AM is to a Force 
as SK in the ſame Ratio as L T is to ST. —_ Y 
wile | 


2 9 
d 
* * 
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iſe, a Force as MN is to a Force as SK al- 
joſtas LT to S; that is, the Forces as MN 


M, are nearly as the Force 8 K and the Ratio 
LT to ST jointly ; that is, as the Force 


K x 77 And as the Force conſtantly accele- 


iting towards the Sun's Body is (by Prop. 42. 
. I.) inverſly, as the Square of the diſtance 


4 ha 1 1 « 
Rom it: that is, in the Diſtance SK as —— - 


F | f ſtead of the Force S K putting ITO the For- 


6 f 1 1 
es AM, MN, will be as T that is, as 
A 

be = Z But it has been before ſhewn, that 
1 

. ds in that caſe equal to S 2: Whence the 


7 L T a 2 
e Forces A AM, MN are as TT aa.” Now if 


r be alſo look'd upan as conſtant and unmo- 
7 ble, the diſturbing Forces will be as AA, MN, 
—Meretore the Effects of thoſe Forces, namely, 
az Il the Errors (of which we have before made 


"4 1 1 | 3 : 3 
Mention) will be as — e that is, reciprocally 


the Cube of the Diſtance of the Primary 
d en the Sun. And it is commonly known that 
Ne apparent Diameters of a Sphere of a given 


- #agnitude are inverſly as the Diſtances ; and 
5 erefore the ſaid diſturbing Forces, and the Er- 


Pers of a Satellite ariſing from it, are as the 


ubes of the apparent Diameters of the Sun 
en from the Primary. 2. E. P. | 


PRO- 


which the Sun draws the Primary, or by which 


of the Periodical Time of the Satellite about the 


JL and a Duplicate Ratio of the Periodical 
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PROPOSITION XX. 
O find the Ratio between the Sun's Forces, by 
which the Motion of a Satellite c diſturb d, and 
the Forces by which a Satellite is retain'd in its Orbit 
about the Primary. [ Fig. 23.J 
It has been ſhewn in the foregoing Propoſiti-] 
ons, what Ratio the Forces of the Sun diſturbing 
the Motion of a Satellite have to the Force by 


the Primary is retaind in its Orbit about the | 
Sun: namely, that which the Right lines 4 1, Wh 
MN, have reſpectively to & N, or A M, AT 

(the Points N and T coming into one) to S 7. 
What remains is to determine the Ratio between | | 
the ſaid diſturbing Forces, and the Force by i i 
which the Satellite L is retain'd in its Orbit mn 


CB DG about its Primary 2. The Right line Me 
ns 


Xi its middle Quantity is equal to TL; 
wherefore the Mean Force as A M, is to the {Wu 
Force SN or ST, by which T is retain'd in its at 
Orb, as TLto TS: And (by Prop. 26. B. 1.) 14 
the Force by which T is retain'd in its Orbit o. 
E TE, is to the Force, by which L is retain'd 1 n. 


A - 
* 


A 


$ 


in its Orbit C B DG, in a Ratio compounded of in 
the Ratio of ST to TL and a Duplicate Ratio Mf 
P 
1 


| 


Primary to the Periodical Time of the Primary 1 
about the Sun. And therefore, ex &quo, the Bw 
foreſaid Mean Force 4 A is to the Force, by 
which L is detain'd in its Orbit, in a Ratio 


compounded of the Ratio of 7LtoTS, ST to 


2 
he 
dj} 


Time of the Satellite about the Primary to the 
Periodical Time of the Primary about the Sun; 
that is, (the two foregoing Ratios taking off | 
each other ) the Mean Force A M is to the 
Force, 


Force, by which L is retain'd in its Orbit about 
is in the foreſaid Duplicate Ratio of the Pe- 
odical Times. If the Ratio between M N 
nd A M be found our, let the ratio of each 
orce diſturbing A M and MN to the Force 
y which L is retain'd in its Orbit will be alſo 


iti - und. Nay, you may find the Force 4 M not 
ne nly in its Mean Quantity, but very exactl 
by ccording to the various poſition of the Satellite 


and from it nicely determine the ratio be- 
Myoeen the diſturbing Forces and the Force, by 
hich L is return'd in its Orbit. | 


3 COROLLARY 
en lf the Sun be ſuppos'd at a great Diſtance, 
by it happens in the Circumſolar Planets, at leaſt 
bit y thoſe that have Satellites; A MH will always 
ne e equal to T L, the Right lines M7, AL, be- 
L ; bg parallel; and MN or MT equal to AL. 
he Hut becauſe $ A is to SK in a Duplicate Ratio 
its f SK to S L, and S L infinite in reſpect of XL; 
.) KX ( the Difference of 4 $ and SK) will be 
bit Wouble of K L (the Difference of SK and SL) 
1d nd AL the triple of it: But KL is the Right 
of ine of the Arc C L, namely of the Diſtance 
io f the Satellite from the next Quadrature C, 
ppoſing JT L the Radius. Therefore in that 
ry {aſe you have always the Ratio of the Force 
=H M to MN given, viz. that of the Radius to 
he triple of the Right Sine of the Satellite's 
Diſtance from the Quadrature. 2) 


al SCHOLIUM 

he Much after the ſame manner that the Sun, 

n; fac d without the Orbit of a Satellite, diſturbs 
ts Motion, and that ſeveral ways, as it appears 

he rom ſeveral Propoſitions of this Book; the Su- 

e, E e e perior 
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ior Planets will diſturb the Motion of the 
— and the Comets will diſturb the Mo 
tion of all the Planets. For the afore deſcribd 
Diſturbance of the Satellites ariſing from the 
Sun, is owing to the Gravitation of each $1 
tellite towards the Sun, by which (amongſt 2 
ther things) it happens that the Gravitation of 
Satellite towards its Primary is no longer in 
Duplicate reciprocal Ratio of the Diſtance fron 
it. And the Actions of the Planets on one an 
other, will produce the like Effects, tho' far le he 
ſenſible, by reaſon of the ſmallneſs of their Boy 
dies when compar'd with the Sun, and theig 
immenſe Diſtances. Yer theſe Effects ( how 
ſmall ſoever) will be produc'd, and if they con 
tinue, and are always directed the ſame way 
they will at length become ſenſible : for Exam 
ple, it is found that the Apſes of the Earth's OU 
bit do atter ſeveral years, ſenſibly appear to hav 
been carried in conſequentia, tho' this Motion bi 
very ſmall, if ic be compar'd with that of thi 
Apſes of the Moon in conſequentia; becauſe ii he 
twenty years they don't move quite four minute Mot 
and a half, whilſt the Apſes of the Moon it 
the ſame time have made more than two who 
5 Revolutions and a quarter. A 
| Beſides, the Diſturbance of the Motion oi 
the Planets, ariſing from other Planets and Co N 
mets will be very unequal, becauſe the Diſtan een 
ces of the diſturbing Bodies are very unequal 7 
But as the Effects of all this Diſturbance are ſmal ri 
their inequalities will be almoſt inſenſible; an an 
the Mean or middle Quantity of each will ſufMhe 
© ice for Aſtronomical Calculations. t u 
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SECTION V. 


Concerning the Motion of the Moon, ſeen 
| from the Earth. | 


only T has been ſhewn at large, in the foregoing 
an * Propoſitions, what the Errors produc'd by 
lehne Sun in the Motion of the Secondary Planets 
bre; of all which Errors we will give an Exam- 
pie in the Moon, the Earth's Satellite, and ſum- 


e ſhall give a Method for the calculating and 
Making uſe of Tables of the Moon's Motions, 
the here it will appear, by the by, what Errors 
© ine Conſtructors of Tables have hitherto taken 
Potice of, and what Errors they have paſs'd by. 


Poros ITIOR XXI. TH 

O deſcribe and explain the Motion of the Moon 
2 and its Inequalities hitherto obſery'd, whether 
inguiſh d or mix'd with others, from what has 
een [aid and prov d. 
That the Earth, which is a great Body and a 
m _ Planet, as it is carried about the Sun, 
auſgan (whilſt it ſelf is carried about the Sun) carry 
ſue leſſer Body of the Moon, revolving about 
t under the form of a Satellite, in an Orb any 
Sway inclind to the Plane of the Ecliptic in 
ich the Earth is carried about the Sun; and 
o har the Moon can revolve in an Ellipſis having 
| | Eee 2 4 


— 
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a Focus nearly in the Earth's Center; is plain 
from the 59th Prop. of B. 1. and its Corollaries: 
And theſe are Phenomena which every Body 
plainly ſees; for from them the Phaſes of the 
5 and the Eclipſes of the Luminaries are 
xplain d in the 16th, 18th, and 19th Prop. of B. r. 
But the Motion will be very much diſturb'd by 
the Action of the Sun and the Moon, and at- 
fected with theſe Inequalities which a conſtant El 
and more careful Obſervation has diſcover'd, ¶ cer 
whoſe Effect will nevertheleſs almoſt vaniſh, if tin 
they be compar'd with the firft Inequalities ; for 
whence it happens that in the forementioned fro 
Propoſitions the Motion of a Satellite about its (ir 
Primary, is ſuppos'd very like the Motion of 2 no 
Primary about the Sun, tho upon a nice Obſer-¶lix 
vation it differs a little in ſome things. PO 
For firſt of all, if it was not for the Suns lin 
Action, the Moon won'd be ſo mov d about the ¶ Bu 
Earth, as to deſcribe Areas proportionable to ( 
the times, by a Radius drawn to the Earth: But !. 
by the ſaid action it happens (by Prop. 1.) that it Fr. 
deſcribes an Area greater for the time { that is, 
that it is carried ſwifter) in the Syzygies with 81e 
the Sun, than in its Quadratures. And therefore ¶ the 
this Error is alſo chang'd, and in every Period 1s! 
of it in a Duplicate Ratio of the time between As 
the Quadratures, by Schol. of Prop. 18. 8 
Secondly, if the Sun's Action did not diſturb Pre 
the Moon's Motion, the Moon would deſcribe tor 
an Ellipfis having a Focus in the Earth's Center: wh 
But now it is plain by Prop. 2. that the Orbit of MI *P! 
the Moon will (cæteris paribus) become leſs curve the 
in the Syzygies, and more in the Quadratures; m 
and therefore that it is nearer the Earth in the AP 
firſt than in laſt. . 1 | 


Thirdh, ale 
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Thirdly, the Moon wou d conſtantly deſcribe 
an unmov'd Ellipſis about the Earth, if the Sun 
did not diſturb it; but now from its diſturbance 
it happens, that this Orbit is very far from be- 
ing an Ellipſis; neither can it be reduc'd to one 
but by the ar:ful Induſtry of the Aſtronomers. 
For its Orb is a Curve, which is generated of an 
Ellipſis mov'd about an unmov'd Focus or Cen- 
ter of the Earth, its greater Axis in the mean 
eime vibrating with angular Motion ſometimes 
forward, ſometimes backward ; as it is plain 
from Prop, 8. But the unmovable Curve 4EGH 
(in fg. 3.) is truly the Moon's Orbit, which is 
no more to be reckon'd an Ellipſis than an He- 
Slix is a Right line, becauſe it is generated of a 
Point moving in a Right line, whilſt the Right- 
line is carried about by an angular Motion. 
But if out of reſpe& to the old Aſtronomers 
W (who are to be valu'd) we call the Orbit of a 
Planet an Ellipſis, the Line of its Apſides (by 
Prop. 8.) does in each Lunation go forward 
twice, namely, when the Moon is in the Syzy- 
gies, and goes back twice when the Moon is in 
re the Quadratures; and this Progreſs (by Prop. 1 1.) 
od is greater than the Regreſs, when the Moon's 
en! 4pogaum and Perigæum is in the Syzygies, and 
on the other hand the Regreſs does exceed the 

rb lProgreſs when it is in the Quadratures. There- 
bel fore in the former Caſe, if you obſerve one 
er: whole Revolution of the Moon, it will ſimply 


of appear that the Apogæum goes forward; but in 
e che latter it goes back: bur as the firſt Caſe is 
8j moſt laſting in one whole Revolution of the 


he Apſes about the Sun, they go forward ſimply. 
= Fourthly, If the Sun's action had no power 
to diſturb the Moon's Motion, the Moon wou'd 
„ vays deſcribe the ſame Ellipſis about the 
Eee 3 Earth; 
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Earth; whereas now it continually changes its 
ſhape; for the Excentricity of the Orbit is every 
Day chang d, and (by Prop. 12.) it is greateſt in 
every Revolution when the Moon is in the Sy. 
Zygies, and leaſt when the Moon is in the Qua. 
dratures. But if the Moon's Apogæum and Peri. 
gæum be in the Syzygies, and the Moon be at 
the ſame time in the Apog um, that is, if the 
Excentricity be greateſt of all; the Moon in 
the Syzygies will be both moſt remote and moſif 
flow, contrary to what was ſaid in the firſt and 
ſecond Paragr. of this Prop. But as there we 
abſtracted from that Excentricity, and we only 
ſay that, ceteris paribus, what was there ſail 
holds good, what we ſay now does not contra 
dict it. But even in this caſe the Moon doe 
not move ſo ſlowly neither does the Excentri- 
city of the Orbit become ſo great as it would 
be, if the Errors explain'd in the faid Para 
graphs were away. 
PFifthly, if the Sun did not diſturb the Moon? 
Motion, the Moon wou'd deſcribe an Orbis 
about the Earth in an unmov'd Plane, as a Pri-. 
mary Planet does about the Sun; which ap 
pears from Prop. 11. B. 1. to be the property ol 
the Way of a Projectile: But the Sun cauſe 
the Poſition of this Plane to vary different 
either by the change of its common Section 
or Line of the Nodes with the Plane of the 
Ecliptic, or of the Inclination it ſelf with thilf 
fix d Plane of the Ecliptic. And by Prop. 14M 
in one of the Moon's Revolutions about the 
2 the Nodes go back very faſt when the 
oon is in the Syzygies, and very ſlowly when I 
Fe in the Quadratures ; and if ſeveral Revo 
lutions be compar'd, the Regreſs of the Node 
P the ſwifteſt when they are in — j 
147 2 . e : WR 
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its e Sun, and ſloweſt (becauſe none) when in 
e Syzygies. . 
Sixthly, the Inclination of the Moon's Orbit 
d the Plane of the Ecliptic is alſo changed. 
or (by Prop. 15.) in the ſame Revolution of the 
oon this Inclination is the leaſt when the 
oon is in the Syzygies, and greateſt when it 
in the Quadratures; but if ſeveral Revolu- 
in ons be compared together, it is leaſt when the 
Modes are in the Quadratures, and greateſt 
nen they are in the Syzygies. 
we Seventhly, all the aforedeſcrib'd Errors ariſin 
m the gans Action produc'd in any mal 
ail me; that is, che Velocities or Horary Motions 
W the Apogæum, Nodes, &c. and of the Moon are 
ang'd according to the Earth's Diſtance from 
e Sun, which cauſes thoſe Errors, and that 
Dy Prop. 19.) in a Triplicate Ratio of the Di- 
ace of the Earth inverſly, or in a Triplicate 
Patio of the apparent Diameter of the Sun ſeen. 
om the Earth. 
& Eighthly, the Periodical Time of the Moon 
ries alſo according to the Earth's different 
Diſtance from the Sun: For it is leaſt ( by 
op. 17.) when the Earth is in the Apbelium; and 
«greateſt when the Earth is in its Peribe/ium. And 
oeerefore, beſides all the Inequalities above men- 
ion on'd in the Moon's Motion, which happen at 
hoſe times, the Moon's Mean Motion it ſelf is 
rifter when the Earth is in the Apbelium, than 
When it is in the Peribelium, and proportionably 
ower or ſwifter as the Earth is nearer or farther 
om it. 
8 Perhaps there are ſome other Inequalities not 
Met obſerv'd (or at leaſt not yet diſtinguiſh'd 
rom the others) in the Moon's Motion by which 


c is ſo diſturb d, that it can no way be reduce 
NN 0 
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to a certain Rule; viz. thoſe of which mention 
is made in the Schol. of Prop. 18. G. After theſe 


which are enough known, the reſt will more 


eaſily. be obſerv'd, and their cauſes deduc'd from 
the Principles before laid down. 


PROPOSITION XXII. 


10 find the Diſtance of the Moon from the Cen 
ter of the Earth, by one Eclipſe of the Moon, 
without any previous Obſervation of the Moon. 


The common Inveſtigation of the Moor 
from the Earth (built upon the Methods laid 
down in the 2d and 3d Books) preſuppoſes the 


Theory of the Moon to be in ,ſome meaſur: 
eſtabliſh'd, becauſe this. Theory depends upor 
it, and cannot be obtain'd without it; as Prolem 


obſerves, in the 11 Chapter of the 5th Book fi 


Almageſt. He, by an obſervation of the Moon 
in the Zenith, when at the ſame time it has it 
greateſt Latitude, performs the matter. Fe 
places are fit for ſuch an Obſervation, certain) 
not our Latitude. Therefore we muſt have re 
courſe to Geometry, and ſee if it will afford u 


any help, and find the Parallax of the Moo 


without any previous Theory or Obſervation o 
the Moon. OR OT RT OCT, 

At the Moment that the Horns of the Moot 
(in its Immerſion into the Earth's Shadow, or its 
Emerſion from it) are parallel to the Xquino 
ctial, let the apparent Altitude of the Moon, 
and (by help of the neighbouring Fix'd Stars) 


its apparent Right Aſcenſion and Declenſion be 


obſery'd. Now the Phaſis of the Eclips d Moon 
is very well diſtinguiſh'd, if the Horns appear to 


be in a Right line perpendicular to the Gnomon 


of a Sun. Dial, which is parallel to the Axe of 
diurnal Rotation, which Line repreſents tht 
* | 5 Equator; 
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quator; in which caſe it is plain that the Moon 
and the Shadow of the Earth have the ſame 
Right Aſcenſion." In fg. 24. let the Circle 
Z P HO repreſent the Meridian, in which the 
Pole is P, Z the Zenith. Let E & be the - 
quator, in which the place from which you be- 
gin to count the Right Aſcenſion is /; let HO 
be the Obſerver's Horizon, and 4 the Moon's 
apparent Place, and the time of the Obſer- 
vation; which Places will be in the ſame Ver- 
tical Circle, becauſe the Parallax does ſomething 
& depreſs the Phenomenon. Let the Circles of 
Declination PAB, PD meeting with the E- 
quator in B and D, be underſtood to be drawn 
thro' A and /. From the given Place of the 
Sun will be given its Right Aſcenſion, and con- 
ſequently the Right Aſcenſion of the Point op- 
poſite to it, viz. the Center of the Shadow; 
that is, D: therefore BD the difference of 
D the true and /B the apparent Right Aſcen- 
ſion will be given, or the Angle BPD, which 
is meaſur'd by this Arc. In the Spherical Tri- 
angle 4 three ſides are given; namely, PZ 
the Complement of the Pole's Height, Z A the 
Complement of the obſerv'd apparent Altitude 
of the Moon; and AP the Complement of the 
obſerv'd apparent Declination of the Moon ; 
therefore the Angle Z AP will be given. Again, 
in the Triangle V are given the two lately 
found Angles, VAP, and / PA, with the inter- 
ar cepted fide 4; therefore the ſide AY, the 
1 8 Moon's Parallax will be found, which bein 
oon given, you may, by Prop. 46. of B. 2. find the 


requir'd Diſtance of the Moon from the Center 
of the Earth, 


PER O- 
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| PROPOSITION XXII. , 


O determine the Diſtance of the Moon from the Who 
Center of the Earth, at a given Time, by ob- 

ſervation. [ Fig. 25.] 

Let OR denote the Earth, whoſe Center is T; 
O the Place of the Obſerver; and let L be the 
Moon in the former Obſervation, when you 
have determin'd its Diſtance as well from the om 
'Earth's Center as from the Obſerver's Eye, J 
(namely, the Right lines T L, O L) by the fore-Zh 
going; and immediately before the Eclipſe off 
the Moon, on which the ſaid Obſervation has 
been made, let the Moon's apparent Diameter 1 
in L be obſery'd. Now let the Moon be ſup- an 
pos d in any other place of its Orbit, as at I 
its Diſtance 7 from the Earth's Center is re. 
quir'd. | Let the Moon's apparent Diameter in 8 
be obſerv d; now (as it is commonly known) hi 
O is to OL as the apparent Diameter of the 
Moon at L is to its apparent Diameter at I; that gm 
is in a given ratio; therefore alſo Ol is given: Mad 
But by the apparent Altitude of the Moon in HM Nu 
the Angle 1OT' is given; if therefore in the Tri. May 
angle 10 T the ſides Q } and OT, as well as the he 
Angle 1OT be given, you will find T the Di- he 
ſtance of the Moon from the Earth's Center rt! 

There is no need of expreſſing the apparent if 
Diameters exactly in parts of a Circle; it in 
{ſufficient if their ratio to one another be known:Whol 
For theſe Arcs or Angles are not compar'd with un 
other Angles or Arcs expreſs d by parts of a Cit- ai 
cle; but only one with another; for their in- nor 
verſe Ratio is the Ratio of the Diſtances of the Nrhi 
Moon from the Eye at the times of the Obſer- Mot 
yations, Therefore it is enough if „ 1 er 

| erV of 
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vd with a Micrometer fitted to a Teleſcope, 
d the Diſtances of the Threads being divided 
to equal parts, they will be mark'd by thenum- 
er of thoſe parts. 


PROPOSITION XXIV. 


cl O determine the Inequalities and Errors of the 
uf Moon by Obſervation and diſtinguiſh them one 
co another. 

e, The Moon's apparent Places are determin'd 
e- help of the neighbouring Fix d Stars, whoſe 
of parent Places are before exactly known, by 


op. 29. B. 2. and true places from the apparent 
er i the 68th Prop. of the ſame Book: But the Di- 
ance from the Earth's Center is known at any 


ne, by the foregoing Prop. Therefore all that 
te gards the Moon's Motion is known. 

n | Since the Inequalities in the Moon's Motion, 
n) Which are taken notice of in the 21ſt Prop. are 


Known, and we know how to look for em, by 
nat gomparing ſeveral of theſe kind of Obſervations 
ade conſtantly and for ſeveral Years, their 
Nuantities will be determin'd: as for Examp. we 
Pay this way determine whether (cæteris paribus ) 
the he Moon moves ſwifter in the Syzygies with 
Nie Sun than in the Quadratures; whether it be 
ter archer diſtant from the Earth in theſe than in 

hoſe; whether the Moon's mean Motion be 
ent wifter in the Earth's Apbelium than in its Peribe- 
t SF, Cc. ſome of em being determin'd (viz. 
Whoſe which depend upon the Syzygies with the 
Pun, and perhaps thoſe which end and begin 
Dir gain twice in a Synodical Month) the reſt will 
in-Mnore eaſily be diſtinguiſh'd from one another 
the Arhich either depend upon the Earth's Annual 

Motion, or upon the Revolution of the Apſes 
ob- er Nodes of the Moon in reſpect of the Sun. 

r | Theſe 
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Theſe being ſeparated from one another, there 
is left that Inequality of the Moon, of which 
we have ſpoken in general in the Scholiumn off 
Prop. 16. whoſe Quantity being known by itz 
Period will be gather'd from Obſervations. Ant 
at length by comparing the Period of the Moo 
which is now obſerv'd,with that that was know 
ſeveral Ages ago by their Obſervations, whethe 
the Globe of the Earth is in this proceſs of 
Time encreas d or diminiſh'd, (as I ſuſpect) ani] 
Geometrically determine, by Schol. Prop. 17. wha S 
Increment or Decrement has happen'd in thi" 
whole time. But if other Inequalities, hitherti 
not obſerv'd, affect the Moon's Motion, taking 
away the foremention'd ones, they will appear 
and being made plain will encreaſe our Aſtro 
nomy, by making up the Moon's Theory. 


n 
VL Cl 
S : 


PROPOSITION XXV. 1 E 


O find the Forces of the Sun which diſturb i e 

4 » Moon's Motions, or determine the Ratio bee 
tween thoſe diſturbing Forces, and the Force of oe 
Gravity. | Fig. 26. | on 
The ſame things being laid down as before Am. 
the Forces which diſturb the Moon's Motio o. 
are repreſented by the Right lines 4 MH, M Nin 
and by rcaſon of the Sun's Diſtance, the Ling on 
MN does not differ from! MT, and is the Tri 
ple of the Right Sine of the Arc CL of thi 
Moon's Diſtance from the Quadrature, ſuppoi@ 
ſing TL the Radius; and 4 MA is equal to 7 Lf 
as it has been ſhewn in Cor. Prop. 20. Alſo ſimi Tart 
lar, but lefs Forces diſturb the Motion of the om 
Earth, becauſe it is not the Center of the Earth 
it ſelf, but the common Center of Gravity of 
the Earth and Moon, that deſcribes the Mag 
Orbis (or great Orbit) about the Sun, as it has 
| rn od been 
1 


bookIV. of ASTRONOMY. 541 


en ſhewn in the 63d Prop. B. 1. ſo that the 
arth and Moon are as it were Satellite's revol- 
Wing about the ſaid Center of Gravity. But 
e refer both the Forces to the Moon, by rea- 
on of what nas been demonſtrated in the goth 
id 51ſt Prep. of B. 1. Moreover, by Prop. 20. 
e Force of the Sun which diſturbs the Moon, 
eing as AM is to the Force, by which the 

con is retain'd in its Orbit, in a Duplicate 
Wario of the Moon's Periodical Time about the 
Earth, to the Earth's Periodical Time about the 
Fun: And the Force by which the Moon wou'd 
he Svolve about the Earth, if it was unmovd, 


rt its preſent Diſtance from ic, (which, by 

ine ey. 51. B. 1. is equal to the Force, by which it 

ar now retain'd in its Orbit about the foreſaid 
; 


Wenter of Gravity,) is, by Cor. 1. Prop. 26. B. T. 
che Force by which it might in the ſame time 
S&volve about the Earth, at its Diſtance from 
Ke faid Center of Gravity, as the Diſtance of 
th he Moon from the Earth, to the Diſtance of 
bee Moon from that Center of Gravity; for 
ou he Periodical Times of the Earth and the Moon 
out their common Center of Gravity are the 
ore me: And the foreſaid Force by which the 
tio Moon wou'd be retain'd in its Orbit about the 
1 \@nmov'd Earth, at its diſtance from that com- 
Line on Center of Gravity, is to the Force which 
Tue call Gravity (which is indeed the ſame Force, 

Nut propagated to a leſs diſtance from the Cen- 
ppoſer, namely, to the Earth's Surface only) in a 
1 ,uplicate ratio of the Semi-Diameter of the 


{im Warth to the foreſaid Diſtance of the Moon 
on om the common Center of Gravity of the 
{arti} 


Moon and Earth: And therefore the Force of 
ty Aide Sun as AM is to the Force of Gravity in 
agnu ne Earth's Surface in a Ratio compounded - 

; theſe 


the Ratio between the Sun's Force as 4 M and 
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theſe three Ratio's; namely, of the Duplicate 
Ratio of the Moon's Periodical Time about the 
Earth, to the Periodical Time of the Earth a- 
bout the Sun, of the Ratio of the Moon's Di- 
ſtance from the Earth, to the Diſtance of the 
Maon from the common Center of Gravity of 
the Moon and Earth, and of the Duplicate ra- 
tio of the Semi-Diameter of the Earth to the 
diſtance of the Moon from the common Center 
of Gravity of the Earth and Moon. Now the 


three compounding Ratio's are given; therefore 105 
we have the Ratio compounded of them, wiz, 


the Force of Gravity. But the Ratio of the e 
other diſturbing Force as MN or MT © AM 
or L is known, namely, that of the Triple 
of the Sine of the Arc CL of the Moon's Di- n 
ſtance from the Quadrature to the Radius: M 
Therefore the Ratio of each Force of the Sun 8 
which diſturbs the Moon's Motion to the Force e 
of our Gravity here is found. | Su 
The Mean compounding Force may without fr 0 
ſenſible Error be neglected, as coming near Di 
to the ratio of Equality: which makes the 50. do 
lution ſo much the eaſier. 5 | 
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SzcrioNn VI. 
Of the Moon's Tables, and their uſe, 


PROPOSITION XXVI. 


O explain the Order of the Lunary Tables, de- 
T „ian d for the readily finding of the Plane of 
the Moon Jon from the Earth, 5 
+ Firſt of all, the Epocha or Root of the Moon's 
Motion? is ſettled : that is, (as has been above 
texplain'd in B. 3.) by taking a remarkable Point 
Jof the Mean Time, number'd in the place for 
which the Tables are deſign'd ; on the ſide you 
muſt ſet down the Mean Longitudes of the 
Moon, and its Apog.eums, and aſcending Nodes 
agreeing with the ſaid Time. Likewiſe, for 
readily finding the Moon's Aſpects with the 
Sun, the Root of the Moon's Mean Motion 
from the Sun is ſettled; that is, the Mean 

Diſtance of the Moon from the Sun is pur 

So- don agreeable to the ſaid Epocha. | 
. Secondly, the Mean Motions of the Moon 
it felf, and its Apogæums and Nodes are to be ſet 
down in the Tables for Years, Tens of Years, 
and Hundreds of Years, Cc. and alſo for 
Months, Days, Hours, and parts of Hours. 
Likewiſe the Mean Motions of the Moon from 
the Sun, for the ſame. numbers of Years, 
Months, Days, Cc. muſt be ſet down; which 
are eaſily found, by taking away the Sun's 
Mean Motion from the Moon's Mean Motion, 
agreeable to the ſame Time. | 
Thirdly, you muſt ſet down the Correction 
o the Moon's Mean Motion, according by - 
| ; arta's 


f C. 
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Earth's Diſtance from the Sun. For the Moon; 
Mean Motion being taken from the foregoing 
Table, is the Mean Motion in a larger Sence ; 
that is, in reſpect of a Courſe of ſeveral Year, 
Now (by Prop. 17.) the Moon's Periodical Time 
is ſhorter when the Earth is in its Aphelium; but 
as it recedes from it, the Moon's Periodical Time 
is encreas'd, till it be the greateſt of all, when 
the Earth is come to the Perihelium. Therefore 
its Mean Place before found is to be corrected 
by the addition or ſubſtraction of an Arc offi 
Angle depending upon the Mean Anomaly off 
the Earth: Yer the Place of the Moon ſo cor. 
rected is itill the Mean Place. This Table off 
the Correction of the Moon's Mean Motion 
depending upon the Farth's Anomaly, is ſettled 
by means of the 17, 20, and 25 Prop. | 

Fourthly, the Corrections ( call'd Æquat ion 
in the Aſtronomic Phraſe) of the Mean Placq; 
of the Moon's Apogæum. And theſe Æquation 
are Three; the Firſt depends upon the Aſpeall 
of the Apogæum and the Sun; for it has bee 
thewn in Prop. 11. that the Apogæum goes for 
ward when it is in the Syzygies, and goes back 
ward when it is in the Quadratures with thai 
Sun; therefore to the Mean Apogzum is to b 
added, or from it is to be ſubſtracted the Aqua 
tion depending upon the ſituation of the Ape 
gæum in reſpect of the Sun: The quantity ol 
this Æquation is proportional to the quantit 
of the Forces that produce thoſe Effects, which 
are to be determin'd by the 11, 20, and 25 Pri 
poſitions. The ſecond Æquation of the Moons 
Apogzum is, Monthly, and depends upon ths 
Sun and Moon's Aſpect. For tho' near the 
Conjunction or Oppoſition of che Moon's Apo 


gzum with the Sun, the Apogzum goes forwar! 
inf 
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one whole Lunation, yet that Progreſs of the 
pogæum is not equable, but when the Moon 
in the Quadratures, it goes forward ſlower, 
by chance it may alſo go back; when the 
oon is in the Syzygies, its Apogæum goes for- 
ard much faſter. Likewiſe, tho near the 
adrature of the Apogzum of the Moon 
th the Sun, the Apogzum of the Moon goes 
ck in reſpect of one whole Lunation, yet it 
Wes not equably go back, but the Moon in the 
Wy gics either makes it go forward, or at leaſt 
back more ſlowly. Theſe things are plain 
gm Prop. 10, whence the Place of the Moon's 
ogæum being firſt (by the foregoing Corre- 
dn) brought to an Equality, mult alſo be cor- 
ed by this monthly Aquation. The Quan- 
of this Æquation is to be gather'd from the 
terent Aſpects of the Moon to the Sun (by 
. 8, 20, and 25.) But there is alſo need of 
4 ird Æquation fully to rectify the Place of the 
cgæaum: For the Motion of the Apogæum, 
Wecher progreſſive or regreſſive, is greater or 
according to the leſs or greater Diſtance of 
Earth from the Sun; and its Velocity (by 
. 19.) is in a Triplicate Ratio of the Sun's ap- 
ent Diameter: Therefore this depends upon 
mean Anomaly of the Earth, as alſo the 
rrection of the mean Motion, of which we 
re ſpokenabove. Its Quantity may be drawn 
the knowledge of the Degree of the Ano- 
ly in Prop. 19, 20, and 25. 2 
ifthly, the Excentricity of the Lunar Orbit 
able to a continual change, and the Times 
that change are the ſame with thoſe of the 
greflive and regreſſive Motion of the Apo- 
m. Becauſe (by Prop. 13.) if you compare 
whole Lunation with another whole one, 
Fff the 
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the greateſt Excentricity is when the Apſes are 
in the Syzygies, and the leaſt when they are in 
the Quadratures. And in one Lunation (by 
Prop. 12.) it is greateſt when the Moon is in the 
Syzygies, and leaſt when the Moon is in the 
Quadratures: for Example, in that Month that 
the Apſes are in the Syzygies, the Excentricity 
is diminiſh'd, when the Moon itſelf is come to 
the Quadrature, at which time it is leaſt of al 
in that Lunation. And likewiſe, when the A- 
pogæum is in the Quadrature with the Sun, the 
Excentricity, which already was little, is dimi. 
niſh'd, whilſt the Moon goes from the Syzygie 
to the Quadratures. Therefore the Excentri 
cities of the Orbit, which agrees with the Aſped 
of the Apogæum of the Moon are put down 
in the Tables, and that very conveniently over: 
againſt the Æquations of the Apogzum, which 
depend upon the ſaid Aſpect, and as it wen 
make the ſame Table with them. Moreover, 
theſe Excentricities are again to be correc 
by the Monthly Equation depending upon tht 
Moon's Diſtance from the Syzygies: For when 
the Moon is in the Syzygies, the Excentricity 
(ceteris paribus) is greateſt, But the Excentn 
city thus equated muſt again be (by Prop. 18 an ar: 
19.) corrected according as the Sun's Diſtan 
from the Earth is encreas'd or diminiſh'd ; an 
this Æquation depends upon the Earth's And 
maly : But theſe three Tables are calculated b 
help of the reſpective aforecited Propoſitio 
together with the 2oth and 25th. And as ti 
Mutations of the ſaid Excentricity have tt 
fame Terms and Times with the aforeſaid Mc 
tions of the Apogzum, the two laſt Æquatio 
of it, namely, the Monthly and Annual, wi 
alſo very conveniently in the fame Table 
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Join'd to the two.laſt Equations of the Excen« 
ricity. Theſe Corrections are made very well 
and eaſily by the Addition or Subtraction of the 
Particulars ſet down in the Table, according 
o the various Diſtance of the Moon from the 
Syzygies with the Sun, or the various Diſtance 
pf the Earth from the Aphelium ; that is, un- 
der the ſame Titles as you had before ſet down 
he Annual and Monthly Corrections of the 
\pogzum. | | 
Sixthly, you muſt add the faid Table of the 
Equation of the Orbit, by which, from the gi- 
en Time of the Moon's being in the Apogzum, 
you may find the Angle by which the Moon, 
een from the Earth, is diſtant from the Apo- 
gæum. For as the Moon in its temporary El- 
iptic Orbit moves after the ſame manner about 
he Earth in the Focus of an Ellipſis, as any 
Primary Planet moves about the Sun; that is, 
leſcribes (by a Radius drawn to the Earth) an 
Area proportionable to the Time; (at leaſt we 
ow abſtract from all other Inequalities, having 
heir proportion in the other Tables of qua- 
ion of the Moon's Motion ; ) if the Orbit be 
riven, its true Place (when it is ſeen from the 
arth) will after the fame manner be found for 
given Time, as the Place of the Primary ſeen 
angrom the Sun is found; that is, the Excentri- 
ity or Ratio of the Diſtance of the Foci to 
he greater Axis being given, from the given 
ean Anomaly of the Moon (which conſiſts in 
n Area proportionable to the Time) the coæ- 
uated Anomaly will be found in this Place after 
he ſame manner as in that; namely, by hel 
f Prop. 3. B. 3. or, if we may be allow d to uſe 
pproximation, we may make uſe of ſome of the 
Propoſitions that follow in the 34 Book. Ward's 
G Ap- 
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Approximation is ſufficient, in which caſe the 
Equation of the Orbit, or the Æquation of 
the Excentric (which is alſo call'd the ¶Æquati- 
on of the Moon's Center) is (by Prop. 6. B. 3.) found 
according to the Degree of the Moon's mean 
Anomaly, and the Equations being found for 
every Degree, are ſet down in the Tables, to 
be added or ſubtracted according to the Semi- 
Orbit,' from the Apogzum to the Perigzum, 
or from the Perigæum to the Apogzum. But 
becauſe the Exgentricity of the Moon's Orbit 
is continually chang d, and it would be im- pe. 
poſſible to conſtruct a Table for every Excen-¶ the 
tricity ; therefore Aſtronomers commonly con- N we 
ſtruct Xquation Tables of this kind for every Min 
Degree of the Mean Anomaly for the greateſt 
and leaſt Excentricity of the Orbit, and ſome- 
times alſo for the Mean; and they alſo take 2 Hnon 
proportionable Æquation between the greateſt atio 
and the leaſt, and the Excentricity belonging Mat; 
to the Lunar Orbit is between the greateſt and ron 
the leaſt. . 875 
Seventhly, we muſt add a Table ſhewing that Mons 
Inequality of the Moon, which we have (in f e 
the 1ſt Prop.) ſhew'd to belong to every Sate. vi 
lite, according to the Moon's various Diſtance Wltog 
from the Syzygies. For the Moon's Motion in | 
the firſt Quadrant of the Month (or as the Harrie 
Moon goes from the Conjunction to the new 
Quadrature) is retarded,” accelerated in the ſe-Mnoth 
cond, retarded again in the third, and then ac-My itſe 
celerated again in the fourtn. | 
© Tycho was the firſt that diſcover'd this inequality 
in the Moon's Motion, and gave it properly e- hi 
nough the Name of /.riation. But a Table of Va. 
riation is to be made from what has been ſaid in 
Cor. 2. Prop. 2. according as the Moon's Orbit i 
| broader 
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broader between the Quadratures, and narrower 
between the Syzygies, which has been ſhewn 
to be the true Track of the Moon (by Prop. 2. 
and its 1ſt Corol.) The greateſt Quantity of 


chat Variation is drawn from the 2oth and 25th 
Prop. and the Quantity belonging to every Di- 
0 Wl ſtance of the Moon from the Syzygies (from 


Prop. 1. and 2. and the Cor. of the 2d.) Beſides, 
the Variation is again to be corrected, by help 
of the Table made by Prop. 18. and 19. For 
when the Earth is in the Perihelium, the Moon's 


n- MW Periodical Time is encreasd, and among all 
n- Wthe other encreas'd Errors, this Variation (which 
n- N we now ſpeak of) is encreas'd every Revolution 
ry Min a Duplicate Ratio of the Time between the 


Moon's Quadratures (by Schol. Prop. 18.) This 
e- N Correction depends upon the Earth's Mean A- 
2 MWnomaly, and alſo the other by which the Vari- 


eſt Nation is encreas'd or diminiſh'd in a Triplicate 
ng Ratio of the Sun's apparent Diameter, ſeen 
nd from the Earth. 


Eighthly, you muſt ſet down three Æquati- 
ons of the Moon's Nodes in Tables. The firſt 
in pf em depends upon the Aſpect of the Nodes 


teh rith the Sun: For (by Prop. 14.) the, Nodes are 
nee {Wltogether at reſt in the Syzygies; but when 
1 in hey ſtick about the Sun's Quadratures, they are 
the Farried very ſwiftly in antecedentia ; and eſpecial- 


y ſo, if you compare one whole Lunation with 
nother whole one. For if you obſerve one 
ly itſelf, the Nodes go back ſwifteſt by Prop.14.) 
hen the Moon is in the Syzygies: And from 
ence the Monthly Zquation is neceſlary, 
lich depends upon the Aſpects of the Sun 
d Moon. The third Xquarion is Annual; 
r the Nodes (cateris paribus) go back ſo much 
e faſter, as the Earth is nearer to the Perihe- 
ade 4a + i lium, 
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lium, by Prop. 19. The Quantities of thoſe A. 
quations (whether they be the greateſt, or thoſe 
that agree with any Aſpe& of the Nodes, or 
of the Moon with the Sun, and the Anomaly 


of the Earth) are determin'd by the 2oth and F 
25th Prop. together with the x4th and 19th. ri 
Ninthly, there is need of the ſame Correct t. 
ons to equare the Inclination of the Moon's Or 
bit-to the Plane of the Ecliptic: For it is ( by E 
Prop. 15.) leaſt when the Nodes are in the Qui L 
dratures with the Sun, and greateſt when thejll le 
are in the Syzygies; and in the ſame Lunationlil be 
leaſt when the Moon is in the Syzygies, an Fe 

greateſt when ir is in the Quadratures. Sing 
therefore theſe have the ſime Times as the M 
quations of the Nodes (as we have ſaid before th. 
in reſpect of the Aſpect of the Nodes, as we ai 
with the Moon as with the Sun, they eaſily ff Fc 
in together in the ſame Table. And the Co che 
rection of the Inclination of the Planes is mai d 
eaſily, by the Particles to be added in 1 
leaſt Incſination (as we have ſaid before, coll clit 
cerning the correcting of the Excentricity the 
which vary according to the ſaid Aſpects of ü the 
Nodes anq; pf che Moon to the Sun (or, in i op 
Aftronomers Phraſe, according to the Diſtanq i the 
of the Nodes and of the Moon from the Suff fad 
br perhaps more fitly by the Particles to Inc 
deducted from the greateſt Inclination: For i ©2 t 
ſeems natural to the Moon's" Orbit, becauſe ©! 
wou'd belong to it if the Sun did nor diſt on!) 
its Motion. But this Inclination alſo is to [call 
tquated by the Annual Correction, which ff ic! 
Lees upon the Earth's Diſtance from the S the 
r the Earth's Anomaly, and which will ff Ses 
into one Table with the Annual Xquation of i 

to t 


the Nodes, The greateſt Quantities of thi 
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three Æquations, and thoſe which belong to 
every Aſpect or Diſtance, are drawn from the 
15, 18, 19, 20, and 25 Propoſitions. 

Tenthly, a Table is to be made to ſhew the 
Proportion of all the foregoing Monthly Cor- 
rections, or Increments or Decrements made in 
the Syzygies, in the Conjunction and Oppoſi- 
tion with the Sun For ( by Prop. 16.) all the 
Effects that are produc'd in the Syzygies of the 
Luminaries, are greater in the Conjunction and 
leſs in the Oppoſition. The Proportion may 
be drawn from the Ratio of the generating 
Forces, by. the foregoing Propoſitions. 

Eleventhly, there is added a Table of the 
Moon's Laticude according to every Degree of 
the Diſtance from the ſaid Node. Its Conſtru- 
ction depends upon the Doctrine of Spherics. 
For in a Spherical Rectangular Triangle beſides 
the Right line, the Hypothenuſe is given, 
namely the Moon's Diſtance from the Node, 
and the Angle at the Node, namely, the In- 
clination of the Plane of the Moon's Orbit to 
the Plane of the Ecliptic, (which is alſo call'd 
the Inclination of the Limits ; ) therefore the Side 
oppoſite to that Angle will be found; namely, 
the Moon's Latitude requir'd, according to the 
ſaid Diſtance from the Node. But becauſe the 
Inclination of the Plane of the Moon's Orbit 
to the Plane of the Ecliptic is different at diffe- 
rent Times, therefore commonly one Tabie 
only of the Moon's Latitude is made for the 
leaſt Inclination of the ſaid Planes, thoſe Par- 
ticles being joyn'd which are to be added to 
the Latitude, when the faid Inclination is the 
greateſt. In the Mean Inclinations, ſuch a part 
of the annex'd Particle is to be added, as is 
to the whole, as the Exceſs of the given Inclina- 

Ff f 4 tion 
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tion above the leaſt, to the Exceſs of the greateſt 
above the leaſt; as it is uſual in the like caſes. 
Twelfthly, you muſt alſo ſubjoin a Table, 
ſhewing the Moon's Place reduc'd to the Ecli- 
ptic for every Degree of the Moon's diſtance 
from the Node. Its Conſtruction alſo depend; 
upon the Doctrine of Spherics. For in the 
fame Triangle in which the Latitude is firſt 
found out, the third Side, or the diſtance be- 
tween the Node and the Point where the Circle 
of Latitude paſſing thro' the Moon's Place, cut 
the Ecliptic, is the Moon's diftance from the 
Node reduc'd to the Ecliptic : and the Interval 
between that and the Moon's diſtance from the 
Node, computed in its Orbit, is call'd the R- 
duction, and is diſpos'd into a Table according 
to Art. And as it varies according to the vs. 
rious Inclination of the Lunar Orbit to the E. 
cliptic, (after the ſame manner as before) the 
Exceſs of the foreſaid Reduction is mark'd when 
the Inclination of the Limits is the greateſt, tha 
its proportional part may be taken when the 
Inclination of the Limits is Mean between the 
greateſt and the leaſt : For the Reduction itſel 
is fitted to the leaſt Inclination, as the Latitude 
was before, ---' - | 
But alfo when other Errors are diſcover 
other Tables muſt be conſtructed, fully and per- 
fectly to rectify the Moon's: Motion, which i 
far the hardeſt Work in Aſtronomy. Let what 
we have ſaid of the Order of thefe Tables, ſul 
fice in the meah time: 
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Peo? 0SITION XXVII. 


O explain the Order of Lunar Tables, in order to 
find readily the Place of the Moon ſeen from a 
ven Point in the Earth's Surface. 

Becauſe the Moon's Place ſeen from a Point 
in the Earth's Surface differs ſenſibly from its 
Place when ſeen from the Center, which laſt 
Place alone is to be found by the foregoing 
Tables ; therefore Aſtronomers make Tables 
alſo to diſcover the firſt from the knowledge of 
the laſt. And as the Parallax 1s all the Hike. 
rence between the ſaid Places, the knowledge 
of it is ſufficient. And becauſe when you know 
the Horizontal Parallax, you may find the Pa- 
rallax of any other Elevation above the Hori- 
zon, by Prop. 47. B. 2. therefore we have need 
only of the Moon's Horizontal Parallax. And 
as the Moon's horizontal Parallax varies accor- 
ding to the Moon's greater or lefs diſtance from 
the Earth, there muſt be made a Table of thoſe 
Parallaxes. Now the Parallax for one Diſtance 
is known by Prop. 22. and the Moon's Diſtances 
from the Earth in the other Points of its Orbit 
in reſpe& of the Diſtance found by the ſaid 
22d are determin'd by the Moon's Orbit, which 
has been before deſcrib'd ; therefore the Moon's 
horizontal Parallaxes (which, by Prop. 48. B. 2. 
are reciprocally as its Diſtances from the Center 
of the Earth) according to its Situation in re- 
ſpect of the Apogæum and Perigæum of its 
Orbit, that is, according to its mean Anomaly, 
are known and reduc'd to a Table. 

But becauſe ſuch a Table of the Moon's ho- 
rizontal Parallaxes ſerves only for one Figure 
of the Orbit; therefore they conſtruct one for 
he greateſt Excentricity and another for the 

| WEN leaſt, 


leaſt, and take the Moon's horizontal Parallax 
for a given Time in the ſame Mean Ratio be- 
tween the Parallaxes agreeable to the greateſt 
and leaſt Excentricity, becauſe the Excentrici- 
ty agreeable to that Time, is a Mean between 
the greateſt and the leaſt Excentricity. 

The Moon's horizontal Parallax thus found, 
is to be rectified by a certain Æquation to be 
drawn from another Table, whoſe Foundation 
is as follows. It is plain from Prop. 2. that the 
Moon ( ceteris paribus) is farther. diſtant from the 
Earth in the Quadratures than in the Syzygies. 
One may find the Proportion between thole Di- 
ſtances of the Moon from the Earth, from the 
Proportion of the Forces gf the Sun which 
preduce that Effect by help of Prop. 20. and 25. 
Therefore a Table for æquating the Moon's Pa- 
rallax conſiſts of Particles to be ſubſtracted from 
the Parallax which it has in the Syzygies, as 
tthe Moon comes nearer to the Quadrature, 
where (ceteris paribus) the Parallax 1s the leaft, 
becauſe the Moon is the fartheſt diſtant from the 
Earth; Therefore this Equation is Monthly, 
depending upon the Syzygies of the Sun and 
Moon. 

But this Parallax of the Moon is alſo affected 
by the Annual Æquation; as being leſs when 
the Earth is in the Perihelium, greater when it 
is in the Aphelium, (ceteris paribus) becauſe the 
whole Lunar Syſtem is in this caſe contracted, 
but dilated in the other, by Prop. 17. This - 
quation depends upon the Earth's Mean Ano- 
maly, and is conſtructed by help of the 17th, 
zoth, and 25th Propoſitions. 
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| ProPoSsT TION XXVUIL. 
No find the Moon's Place, ſeen from any Place of 
the Earth's Surface, for a given Time, by help 
of the Tables ahowe deſcrib d. - 
Let the Time, reckon'd at the Habitation or 
Place given, be ( by Prop. 32. B. 2.) reduc'd to 
the Time which is reckon'd under the Meridian 
of the Place for which the Tables are calcu- 
lated; and when (by Prop. 17. B. 3.) it is equated 
to it, let the Sun's Place be found. | 
At the Epocha mark'd in the Table, which 
before the given Time, mark the Mean 
Places of the Moon, of the Moon's Apogzum, 
and of the aſcending Nodes, and collecting the 
Mean Motion of thoſe three made from that 
Epocha to the Time given, add the two firſt to 
the aforeſaid Places of the Moon and the Apo- 
gæum, that they may become the Mean of them 
for the Time given ; but let the Motion of the 
Node then made, be ſubſtracted from the ra- 
dical Place (becauſe they are mov'd in antece- 
dentia) that it may bEcome its Mean Place; 
and let the Moon's Mean Place be corrected by 
that Equation depending upon the Earth's 
Mean Anomaly. Of which ſee Seck. III. Prop. 26. 
Moreover, let the Mean Place of the Apo- 
gæum be corrected by three Equations, of 
which we have ſpoken in the 4th Se#. of the 
ſaid 26th Prop. For the Sun'sPlace being given, 
and the nearly true Place of the Apogæum, 
the Aſpect of the Lunar Apogæum with the 
Sun is given, and from thence the Æquation 
that depends upon it. Likewiſe, becaufe as 
well the Sun's true Place, as the Moon's nearly 
true Place is known, the Moon's Aſpect to the 
dun is alſo known, and from thence the Monthly 
& | We 
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Æquation of the Apogzum that depends upon 
it. And an annual Æquation of the Apogzum 
agreeable to the Earth's Mean Anomaly (firſt 
neceſſary to determine the Sun's Place) will be 
found in the third Table of Equation. And 
this Equation: is the truly annual one 
ing upon the Earth's Period about the Sun; for 
that firſt, which depends upon the Aſpect of the 
Moon's Apogzum with the Sun, is by ſome 
improperly call'd Annual, ſince its Period is not 
finiſh'd in leſs than 400 Days; the Sun re- 
quiring that Titne, that being. gone from the 
Lunar Apogzum it may again follow the Apo- 
gæum which is carried in conſequentia. So alſo 
the Excentricity of the Moon's Orbit, taken 
out of the Table from the Sun's Apogzum, is 
corrected by the Monthly and the Annual - 
quation. 

Having therefore found the true Place of 
the Moon's Apogæum, and the Moon's Mean 
Place being firſt corrected, by taking the firſt 
from the laſt, the Remainder is the Moon's 
Mean Diſtance from its Apogæum reckon'd or 
number' d in conſequentia, or the Moon's Mean 
Anomaly; agreeable to which you will (in the 
Table of Sect. 6. Prop. 26.) find the Proſt aphereſis 
for the Excentricity of the Orbit before found, 
by which the Moon's Mean Place, before cor- 
rected, being again rectified, will give the 
jew” oh Place more correct, or Equated, as ſome 
call it. | 

From the Moon's Equated Place lately found, 
and the Sun's Place firſt of all determin'd, the 
Aſpect of the Sun and Moon is now enough 
known, and the Variation that depends upon 
it, is known by the Table, of which we ſpoke. 
in Sect. 7. Prop. 26, but even this is to be corrected 
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by the double Annual Zquation, of which we 
ſpoke in the ſame Place. The Moon's Equated 
Place is to be corrected by the Variation cor- 
rected in the abovemention'd manner; and thus 
you will to the greateſt nicety have the Moon's 
Place in its Orbit, or in reſpect of its Apſis. 
Nou in order to reduce it to the Ecliptic, 
firſt of all we muſt determine the Places of the 
Nodes. And as the Sun's true Place, and the 
nearly true Place of the Nodes, or their Mean 
Place will be given; ſo likewiſe will be given 
the Aſpect of the Nodes with the Sun, and 
conſequently its correſpondent Equation from 
the Table, of which we made mention in the 
8th Sect. Prop. 26. by which the Node's Mean 
Place being corrected is again to be twice cor- 
rected by the Monthly and Annual Æquation 
of which we alſo ſpoke there. | 
At the ſame time, from the ſame Aſpect of 
the Nodes to the Sun, may be drawn the Ex- 
ceſs of the Inclination of the Limits above 
their own leaſt Inclination (or their Defe& 
from the greateſt ) by which the leaſt Inclina- 


tion (or the greateſt) is to be corrected, that it 


may become more exact: but it is again twice 
to be Corrected; namely, according to the 
Moon's Aſpe& to the Sun, and the Earth's 
Mean Anomaly ; of which Tables of Equa- 
tion we have ſpoken in Sect. 9. Prop. 26. If the 
moſt correct Place of the Moon in the Syzygies 
be requir'd, you may alſo have the Propor- 
tion of that Correction, which we have ſpoken 
of in Sect. 10. Prop. 26. 80 

But becauſe the true Places of the Node and 
the Moon's Apogæum in the Ecliptic, and the 
Inclination of the Moon's Orbit to it are known 
by the reſolution of the Rectangular Spherical 
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Triangle, in which, beſides the Right-Angle, 
one of the Angles, and one of the Sides next 
to the Right-Angle are given, the Diſtance of 
the Apogzum from the Node, computed in the 
Moon's Orbit, is found; vis. the Hypothenuſe. 
And the Moon's Place in its Orbit reckon'd from 
the Apogzum is found: And therefore the Di- 
ſtance of the Moon from the Node, reckon'd 
in the Lunar Orbit will be alſo known. And 
as the Inclination of the ſaid Lunar Orb to the 
Ecliptic is alſo given; there will be found both 
the Moon's Latitude, and its Place in the E- 
cliptic; either by the Reſolution of the rectan- 
gular Spherical Triangle, comprehended be- 
tween the Lunar Orbit, the Ecliptic and the 
Circle of Latitude, or ſooner by the Tables of 
Latitude and Reduction, (of which ſee Sect. 11. 
and 12. Prop. 26. where the ſaid Triangle is re- 
ſolv'd) whoſe uſe is enough known, and this 
Diſtance of the Moon from the Node compu- 
ted in the Lunar Orbit, is call'd the Argument 
of the Latitude. | ANA . wh 
Therefore the true place of the Moon is 
found, (that is, ſeen from the Center of the 
Earth) as well in Longitude as in Latitude. 
But to find what Situation a Phenomenon of 
given Longitude and Latitude has in a given 
Horizon, that is, what Altitude and what Ver- 
tical it has at a given Time, is a Problem eaſy to 
be ſolv'd by the Doctrine of Spherics: for it is 
the inverſe of Prop. 26. and 27. B. 2. Now if 
the Moon's apparent Place, or that in which it 
is ſeen, be defir'd, you muſt in the firſt Table, 
(ſee Prop. 27.) note the Parallax agreeable to 
the Excentricity of the Moon's Orbit and Mean 
Anomaly before known, which you muſt cor- 
re& by the Monthly and Annual — 
. whic 
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which we ſpoke in the faid Prop. 27. From the 

horizontal Parallaxes find (by Prop. 47. B. 2.) 

the Parallax agreeable to the Altitude before 

found, which being ſubſtracted from the firſt 

will have the Moon's apparent Altitude: And 

there is no other difference between the Moon's 

true and apparen: place, beſides this decreaſe of 
Altitude or Parallax, and the common one a- 
riſing from the Refraction of the Rays thro' 
the Atmoſphere, of which ſee Prop. 64. and 65. 
B. 2. As for the mutations of Longitude and 
Latitude which are owing to the Parallaxes and 
Refraction, you may gather them from Prop. 
63. and 68. B. 2. Therefore the Moon's Place 
is found, as well the true one, as that ſeen 
from any Point of the Earth's Surface, both in. 
Longitude and Latitude. 2. E. F. 


PROPOSITION XXXIX. 
'O give a ſhort account of ſuch of the fore- 


mention d Corrections concerning the Moon's 
Motion as have been hitherto taken notice of by the 
Conſtructors of Tables, and ſuch of them as have 
been negledted. 

Firſt, they neglect all the Annual Equations 
or Corrections depending upon the various Di- 
ſtance of the Earth from the Sun, which have 
been explain d in Prop. 18. and 19. and conſider 
only that which ariſes from the encreas'd and 
diminiſh'd Periodical Time of the Moon about 
the Earth, from the diminiſh'd or encreas'd Di- 
ſtance of the Earth from the Sun ; that is, which 
depends upon the Earth's Mean Anomaly. Nay, 
tho this Inequality was obſerv'd by Tycho, Kepler, 
and Horoxius, yet they confounded it with the 
others: for by reaſon of it they were com- 
pell'd (by the nature of things) to reduce the 


Appa- 


pparent to the Mean Time in reckoning, the 

loon's Places, another way than they us d to 
do in reckoning the Places of the Sun and other 
fix'd Stars; and eſpecially Tzcho quite left out 
that part of the Æquation of Time which de- 
pends upon the Earths Mean Anomaly, upon 
which alſo this Inequality of the Moon depends. 
But Kepler and Hwroxius having carried the Mat- 
ter farther fot their equating of Time, make 
ule of an additional Phytical Part, when the true 
and Aſtronomical one may be taken away, and 
ſo on the contrary. The moſt ingenious Dr. 
Halley was the firſt that ſeparated this Inequality 
(which Mr. Fames Gregory ſuſpected to belong to 
the Moon, in the Schol. of Prop. 86. of his Optics) 
from the others, in a Treats ſubjoin'd. to his 
Catalogue of the Southern Fix d Stars. But it is 
plain from the foremention'd Prop. 18. and 19. 
that all the Inequalities of the Moon want a 
double Annual Correction, to make them true 
e 

Laſtly, all the Monthly Equations ariſing 
from the Aſpect of the Sun and Moon are neg- 


lected, aj the Variation only. Tis true 


indeed that ſome of them are almoſt compen- 
ſated by others; as for Example, the Monthly 
Variation. of the Limits, and the Monthly X- 
quation of the Nodes {lo take off and correct 
one another, that they may be both neglected 


in determining the Moons Latitude; but the 


Monthly Aquations of the Motion of the A- 
pogzum, and of the difference between the 
leaſt and greateſt Excentricity, and thoſe. of 
the Nodes and of the Inclination of the Moon's 
Orbit to the Ecliptic, are the Baſis and Foun- 
dation of the other Ine qualities, which depend 
upon the Aſpect of the Sun and the Apogzum, 

. | | Or 


B 


Or 
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or of the Sun 4nd the Nodes; as may be fully 
gather'd from the 10, 11, 12, 13, 14 and 15th 
Propoſitions. Likewiſe the Monthly Æquation 
between the New Moon and Full Moon (of 
hich we ſpoke in Prop. 16.) is neglected. 
And thoſe Equations which affect the Moon's 
Motion, whether real or apparent, (of which 

e ſpoke in Prop. 2.) ariſing from the greatet 
Diſtance of the Moon from the Earth, in the 
Quadratures than in the Syzygies, are altoge= 
her neglected: neither is the difference of the 

oon's diſtance from the Earth confider'd o- 
herwiſe than as ariſing from the Excentricity 
df the Orbit; and depending upon the mean 
\nomaly ; whence alſo the Monthly Æquation 
df the horizontal Parallaxes (Prop. 27.) is alſo 
eglected. 

ut thoſe Equations which depend upon the 
\ſpe& of the Sun and the Lunar Apogæum 
me ntion'd in Prop. 1 1. and 13.) and alſo thoſe 
hieh depend upon the Aſpect of the Sun and 
he Nodes (treated of in Prop. 14. and 15.) are 
onfider'd by Aſtronomers. For they are far 
e Ihe greateſt, and make up the greateſt part of 
* he Inequalities of the Moon's Motion. 
For the · Conſtruction of Tables therefore, 
beſides the foregoing Equations depending upon 


md $$ @ 7  - 


Ade Aſpect of the Sun with the Moon's Apo- 
:d Wzum or Nodes, an Annual and a Monthly - 
e {Wuation (which we ſpoke of before) is to be 
* Wonſiderd. But the Equations of the Moon's 
ae otion, in ſeveral Lunar Tables, have Titles 
of Wo different from the true Periods of theſe In- 


qualities, that it is difficult enough to aſſert 
hich of them the Conſtructors conſider d and 
hich of them they neglected. And ſometimes 
ſo ſome Inequalities are mix d and confounded 
Gg g with 
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1 
with others: As for Example, they do not pure- Wl - 
ly deduce from the Moon's Orbit given, the © 

 Fquation of the Excentric (or of the MoGn's Bill 0 
Center) but as it were confuſedly mix it with T 
the others; as with that part of the Ine quality 
of the Variation that depends upon the time be- 

- tween the Quadratures, which ariſes from the 
Situation of the Moon in reſpe& of its Apo- u 
gæum; ſee Schol. Prop. 18. But as they made | 
their Tables not from known Phyſical Cauſes ” 
and their Periods, but only by attending to 
Obſervations; it is no wonder if they did not 2 

_ rightly diſtinguiſh the Inequalities from one an- 2 
other and diſpos d them under foreign or leß 2 
proper Titles. | BY 

bk _. SCHOLIUM. th 
I have thought fit to ſubjoyn the Theory o N 
the Moon made uſe of by Sir 1/azc Newton, by of 
which this incomparable Philoſopher has com- ol 

paſs d this extremely difficult Matter, hitherto 5 
deſpair'd of by Aſtronomers; namely, by Cal. 4 
culation to define the Moon's Place even ou. 
of the Syzygies, nay, in the Quadrature Ut 
themſelves ſo nicely agreeable to its Place in M 

the Heavens (as he has experienc'd it by ſeve P 
ral of the Moon's Places obſery'd by the inge. in 
nious Mr. Flamſtead) as to differ from it (when T1 
the difference is the greateſt) ſcarce abort th 
two Minutes in her Syzygies, or above three in + 
her Quadratures; but commonly fo little that ii + 
may well enough be reckon d only as a Defect o A 
the Obſervation. In this Calculation, which wi L 
give in the Words of the Author, he does no © 
wholly mention all the Ine qualities, whoſe Cau At 
fes are above explain'd, nor thoſe which are ui 2" 
yet only ſuſpected; but omitting thoſe which h Qi 
knew wou d take off one another, and othen M 


% 


Book IV. of ASTRONOMY. 567 
of leſs Moment, he only confines thoſe to R- 


quations and Tables, that have the greateſt 
Force and produce the moſt ſenſible Effects. 


Sir Iſaac Newton's Theory of the Moon, 


The Royal Obſervatory at Greenwich is to the 
Weſt of the Meridian of Paris 29. 19'; of Ura- 
niburg 12. 51. 30”, and of Dantxick 18®, 480. 

I put down the Sun and Moon's mean moti- 
ons from the Vernal Equinox at the Meridian 
of Greenwich as follows: viz. the laſt Day of 
December 1680 Old Style, at Noon, the Sun's 
mean Motion was 9ſign. 20. 3. 46”. That of 
the Sun's Apogzum züiis. 7. 23. 30”. The 
Moon's mean motion 6fis, 19. 45. 45 That 
of the Moon's Apogæum 81is, 4. 280. . That 
of the aſcending Node of the Moon's. Orbit 
5's, 24% 1. 357. And December the laſt 27 
Old Style at Noon, the Sun's mean motion was 
gfis. 20% 430. 50”, That of the Sun's Apoge- 
um zig. 7%. 44. 30”. The mean motion of the 
Moon roſis. 15% 19“, 50%“. Of the Moon's A- 
pogæum 11 if. 8. 18“. 20”, And of the aſcend- 
ing Node 418. 25. 24. 20”. For in Twenty 
Julian Years, or in 7305 Days, the Sun goes 
thro'20rev. oſig. oo. . 4. The motion of the Sun's 
Apogzum 21, 00%. The Moon's motion 267rev. 
4 lis. 13%. $4.5”. The motion of the Moon's 
Apogæum ⁊rev. 301g. 3. 500. 15“. Of the Node 
Irres. oſig. 269. 50“. 15”. All the foreſaid mo- 
tions are from a Point of the Vernal Æquinox. 
And if from them be ſubſtracted the Preceſſi- 
on, or Retrograde Motion of the Æquino- 
ctial Point ic ſelf, which has mov'd in the 
mean time in antecedentia, Viz. 16, 40: The 
Motions will remain in reſpe& of the Fix d 
77-7. I Stars 
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Stars in 20 Julian Years, namely the motion of 
the Sun, 19*<). 11 ig. 299. 5. 24. That of 


the Sun's Apogzum 4 20”. Of the Moon 


2677ev, 4ſig. 23% 17.25”. Of the Moon's A- 
pogæum 2*<?, 3ſig. 3%. 33“. 35“. Of the Moon's 
Node rev. ofis, 27. 6. 55 

According to this Computation the Tropical 
Year is of 365 days. Fhours. 48“, 57“. And the 
Sydereal Year, of 365 days. Ghours. gf, 144“ 


The mean motions of the Luminaries a- 


bovementioned have ſeveral Inequalities. 
Firſt there are the Annual Equations of 


the ſaid mean motions of the Sun and Moon, 


and of the Apogæum and Node of the Moon. 
The Annual Æquation of the mean motion of 
the Sun depends upon the Excentricity.of the 
Earth's Orbit about the Sun, which is of 16+ 
of ſuch parts of which the mean Diſtance of the 
Sun from the Earth is 1000; and therefore i 
call'd the «Equation of the Center: And when 
greateſt, it is x9. 56. 20”, The greateft Annu- 
al Æquation of the Moon's mean motion is 
11. 49”. of its Apogzum 20'. and of the Node 
9“ 30“. And thoſe four Annual Xquations are 
proportionable to each other: Therefore when 


any one of them is the greateſt, the three o- 


thers are the greateſt; and when any one is 
diminiſh'd the others are alſo diminiſh'd in the 
lame proportion: Whence if the Annual . 
quation of the Sun's Center be given, you have 


the other 3 Aquations agreeable to it; therefore | 


the Table of that alone is ſufficient. For if the 
Annual Æquation of the Sun's Center, agree- 
able to any time taken out of it, be call'd P, 
and * P = 2, TOR, 4 PR D, D 
jFD=E, and D—-##D=2F; the Annual 
Zquarion of the Moon agreeable to that T o_ 
ITE Wi 
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will be R, that of the Moon's Apogæum E, and 
that of the Node F. It is to be noted, that if 
the Æquation of the Sun's Center is to be added, 
the foreſaid Equation of the Moon is to be ſub- 
tracted, that of the Lunar Apogæum to be ad- 
ded, and the Equation of the Node to be ſub- 
tracted: And on the contrary, if the Æquation 
of the Sun's Center is to be ſubtracted, the 
Moon's Xquation is to be added, that of the 
Lunar Apogzum to be ſubtracted, and that of 
the Node to be added. 

There is another equation of the Moon's 
mean Motion, depending upon the ſituation of 
the Moon's Apogzum in reſpect of the Sun, 
which is the greateſt when the Apogzum of 
the Moon is in the O&ant (or at half Right- 
angles) with the Sun, and none at all when it 
is come to the Syzygies or Quadratures. This 
Equation, when greateſt, riſes to 3“ 56” the 
Sun being in the Perigzum ; but if the Sun þe 
in the Apogæum, not above 3“ 34”. In other 
Diſtances of the Sun from the Earth, this great- 
eſt Æquation is reciprocally as the Cube of that 


{ Diſtance. But when the Moon's Apogzum is out 


of the Octants, the ſaid Æquation becomes leſs, 
and is tb the greateſt Fquation (ſuppoſing the 
diſtance of the Sun from the Earth to remain the 
ſame,) as the Sine of twice the diſtance of the 
Moon's Apogzum from the next Syzygy or 
Quadrature, to the Radius. This is added to 
the Moon's motion, whilſt the Moon's Apogæ- 
um paſſes from the Sun's Quadrature to the Sy- 
ZYgy ; but is taken from it, as the Apogzum 
goes from the Syzygy to the Quadrature- 
Moreover, there is another equation of the 
Moon's motion depending upon the Aſpe& of 
the Nodes of the Moon's Orbit wich the Sun; 
Gge 3 and 


and it is the greateſt when the Nodes are in the 
Octants with the Sun, and vaniſhes when they 
come to the Syzygies or Quadratures. This 
EAquation is proportional to the Sine of twice 
the diſtance of the Node from the next Syzygy 
or Quadrature, and when greateſt riſes to 47”. 
This is added to the Moon's motion, when the 
Nodes paſs from the Sun's Syzygies to his Qua- 
dratures; but is ſubſtracted, when they paſ; 

from the Quadratures to the Syzygies. 
From the Sun's true Place take away the 
mean Motion of the Moon's Apogzum equated 
as was before ſhewn ; the remainder will be the 
Annual Argument of the ſaid Apogæum. Then 
reckon the Moon's Excentricity and the ſecond 
Aquation of its Apogzum in the following man- 
ner,[ which alſo obtains in the Computation of any other 
intermediate eAiquations : | Let T (Fig. 27.) repre- 
ſent the Earth; T'S, a Right line joyning to 
Earth and Sun; TACB a Right line drawn 
from the Earth to the mean Place of theMoon's 
Apogzum equated as before; the Angle S T4, 
the Annual Argumentofthe ſaid Apogzum ; 74 
the leaſt Excentricity of, the Lunar Orbit; T B 
its greateſt Excentricity. Biſſect 4 B in C, and 
with the Center C, and Interval C A, deſcribe the 
Circle AFB ; let the Angle B CF be drawn 
equal to twice the annual Argument: T F be- 
ing drawn will be the Excentricity of the Lu- 
nar Orbit; and the Angle BTF the ſecond 
Aquation of the Lunar Æpogæum. In order to 
determine them, let the mean diſtance of the 
Moon from the Earth, or the Semidiameter of 
the Lunar Orbit conſiſt of x000000 Parts ; its 
greateſt Excentricity TB, will conſiſt of 66782 
of thoſe Parts, and the leaſt 7 A, or 43319 ſuch 
Parts; ſo that the greateſt Æquation of its Or- 
| bit, 
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bit, namely when the Apogzum is in the Sy- 
zygies, ſhall be of 7*. 39. 30“, or perhaps of 
79. 400. oo“; (for there is reaſon to ſuſpe that 
that Equation varies according as the Apogæum 
is in S or ;) but when it ſticks in the Sun's 
Quadrature, the ſaid greateſt Equation muſt be 
45. 5. 56”. and that the greateſt Æquation of 
the Apogzum be of 12. 15' 4”. 5 
Having upon theſe Principles conſtructed a 


Table of the Aquations of the Moon's Apo- 


gæum, and the Excentricity of its Orbit for e- 
very Degree of the annual Argument, whence 
the Excentricity T Fand the Angle BT F(name- 
ly the ſecond and chief ᷑Æquation of the Apo- 
gæum) agreeable to a given Time, may be ea- 
fily taken; to the Place of the Moon's Apogæ- 
um firſt equated as before, add the lately found 
AXquation, if the annual Argument be leſs than 
90 or greater than 180, but leſs than 270% 
but if it be otherwiſe, let it be ſubtracted from 
it. The Sum or Difference will be the Place of 
the Moon's Apogæum equated the ſecond time; 
which being ſubſtraked from the Moon's 
thirdly equated Place, the remainder will be the 
Moon's mean Anomaly agreeable to a given 
Time. Moreover, from that mean Anomaly of 
the Moon, and the late found Excentricity of 
the Orb, you will have (by help of the Table 
of Equations of the Center of the Moon calcula- 
ted for every Degree of the mean Anomaly,and 
ſome Excentricities, viz. 45000, 50000, 55000, 
60000,and 65000) the Proſtaphæreſis or Equation 
of the Center of the Moon,as commonly; which 
being ſubtracted in the firſt Semicircle or 1800 of 
the mean Anomaly, and added in the laſt, to the 
Moon's Place, hitherto three times equated, 
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you will have the Moon's Place equated a fourth 
rime. X 

The Moon's greateſt Variation, namely that 
which happens when the Moon is in the Octant 
with the Sun, is almoſt reciprocally as the Cube 
of the diſtance of the Sun from the Earth. Let 
it be taken of 37. 25”. when the Sun is in the 
Perigzum, and of 33“. 4”. when it is in the 
Apogzum : And let the Difference of this Va- 
riation in the Octants be reciprocally as the 
Difference of the Cubes of the Diſtances of the 
Sun from the Earth, and from thence conſtruct 
2 Table of the aforeſaid yariation of the Moon 
in the Sun's Octants (or of its Logarithm ) for 
every ten, or fix, or five Degrees of the mean 


Anomaly ; and for the variation out of the 


Octants, as the Radius is to the Sine of twice the 
Diſtance of the Moon from the next Syzygy 
or Quadrature; ſo let the above- found Varia- 
tion in the Octant be to the Variation agreeable 
to the given Aſpect, which being added to the 
Moon's Place above- found in the firſt and third 
Quadrant (reckoning from the Sun) or ſub- 
erated from it in the ſecond aud fourth, 


will give the Moon's Plage equated a fifth 


time. . 

Again, as the Radius is to the Sine of the 
Sum of the Diſtances of the Moon from the Sun 
and of the Moon's Apogæum to the Sun's Apo- 
gæum, (or to the Sine of the exceſs of that Sum 
above 360 ſo 2'. 19”, to the fixth æquation 
of the Moon's Place, which is to be ſubtracted 
if the foreſaid Sum or the ſaid exceſs be leſs 
than a Semicircle, to be added if greater. 

As the Radius is ta the Sine of the Maon's 
Diſtance from the sun, ſo alſo let 2. 20”. be rq 
a ſeven h Aquation. Take that away when 

| ng the 
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the Moon's Light is encreaſed, and (on the con- 
trary) add it when the Light is diminiſhed ; and 
you Il have the Moon's Place ſeventhly equated, 
which is alſo its Place in its proper Orbit. It is to 
be obſerv d, that the Aquation which is here ex- 
preſs d by the Mean Quantity 2. 20”. is not al- 

ways of the ſame magnitude, but is encreas d 


and diminiſh'd according to the ſituation of the 
Lunar Apogzum. For if the Lunar Apogæum 


de joyn'd with the Suns Apogæum, the fore- 
e WY faid Aquation becomes greater by 54”; if it be 
2 WJ oppoſite to it, it is as much leſs: and it varies 
between the greateſt Quantity 3“. 14”; and the 


leaſt 1. 26”. And theſe things hold good when 
the Lunar Apogzum is in the Sun's Syzygies ; 
but when it ſticks in the Sun's Quadrature, the 
foreſaid Æquation is to be diminiſh'd about 50” 
or one whole Minute, when the Moon's Apogz- 
um and the Sun's are inConjundtion ; but if they 
le are in Oppoſition, I can't determine (for want of 
ie WY Obſervations) whether it is to be encreas'd or 
rd diminiſh'd. Neither can afficm any thing cer- 
h. | tain concerning the aforeſaid laid down en- 
h, creaſe or decreaſe of the Equation by 2. 20% 
1 I for want of Obſervations exact enough. 
| If the fixth and ſeventh Equation are en- 

he creas' d or diminiſh'd in a reciprocal Ratio of 
un the diſtance of the Moon from the Earth, 
o- I that is, in a direct Ratio of the Moon's horizon- 
im tal Parallaxis; they will become more exact. 
on And that may be readily done, if Tables be 
ea I firſt conſtructed for every Minute of the ſaid 
efs Parallaxis, and every ſixth or fifth Degree as 
well of the Argument of the ſixth Æquation for 
ns the fixth Aquation, as of the diſtance of the 
ta Moon from the Sun for the ſeventh. 
nen N 8 

the : From 
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From the Sun's true Place take away the Nor- 
mean Motion of the Moon's aſcending Node WW! 
equated as before; the remainder will be the Nea 
Annual Argument of the Node; whence its ſe. 20. 
cond Aquation will be computed in the follow. C 
ing manner: Let 7 (Fig. 27.) repreſent the Mut 
Earth as before; TS a Right-line joyning the 2 
Earth and the Sun: Moreover, let TAC B re- es 
preſent a Line drawn to the Place of the Moon's 
aſcending Node equated as before, and 8 T4 I 
the Annual Argument of the Node. Let 74 
be taken in the ſame Ratio to AB as 56 to z, ME® " 
or 184 to 1. Biſſect BA in C, and with the 
Center C and Interval C A, or CB, draw the 
Circle 4 FB, and let the Angle B C E, be e- 
ual to twice the Argument of the Annual Node 
ound as before; and the Angle BTF, will be 
the ſecond Æquation of the aſcending Node, to 
be added whilſt the Node goes from the Suns 
Quadrature to the Syzygy, and ſubtracted as the WF" | 
Node goes from the Syzygy to the Quadrature. e 
And ſo you have the true Place of the Node of. 
theMoon's Orbit: Whence from Tables conſtru- Ar 
ed after the common manner, may be compu- 
ted the Moons Latitude and the Reduction of 
the Moon from its Orbit to the Ecliptic, ſup- 
poſing: the Inclination of the Moon's Orbit to 
the Plane of the Ecliptic to be of 4. 59". 35", 
when the Nodes are in the Sun's Quadrature; 
and of 59. 17' 20”, when they are in the Syzy- 
gies. From the Longitude and Latitude lately 
found, and thg given Obliquity of the Ecliptic 
of 23%. 29', the Moon's Right Aſcenſion and 
Declination will be found. 

I put down 57%. 39”. for the Parallax of the 
Moon in the Syzygies, when it is in its mean 
Dittance from the Earth; 33'. 32”. 32“. for the 
— | '  _ horary 
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jorary Motion; and 31'. 30“. for the apparent 
Diameter. But in the Moon's Quadratures at a 
ean diſtance from the Earth, I make the ho- 
izontal Parallax of the Moon to be 59. 40”. 
e Horary Motion 32'. 12.2”. and the appar- 
Int Diameter 31. 3. The mean Diſtance of 
Sc Moon's Center when it is in Octant with 
e Sun,is diſtant from the Earth's Center about 
o Semi-diameters of the Earth. 

I ſet down 10 for the Sun's horizontal Paral- 
N; and 32“. 15 for its apparent Diameter in 
s mean diſtance from the Earth. . 
The Earth's Atmoſphere, by refracting and 
iſſipating the Sun's Light, caſts a Shadow juſt 
s if it was an opake Body, as far as the height 
f 40 or 50 Geographical Miles: (I call a Gec- 


. raphical Mile the 6oth part of a Degree of 
0 Lsreat Circle on the Earth's Surface : ). This 
; ladow in an Eclipſe of the Moon falling upon 


he Moon, encreaſes the Earth's Shadow. And 
econds in the Moon's Diſc anſwers to Miles in 
he Earth's Atmoſphere : Therefore the Semi- 
iameter of the Earth's Shadow projected in the 
oon's Diſc, is to be encreas'd of about 5o Se- 
onds, (or what comes to the ſame) in a Lunar 
cliple the. horizontal Parallax is to be aug- 
nented in a Ratio of about 70 to 49. 

If ſeveral Places of the Moon nicely obſerv'd 
chiefly about the Quadratures) be compar'd 
with the Places of it calculated for the ſame 
Time in the Theory above; it will appear whe- 
her or no there are any ſenſible Æquations 
vanting to make it more perlect. 


the | PRo- 
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PROPOSITION XXX. 


O determine the time of a Mean Conj und ion „ 
Oppoſition of the Sun and Moon next followin 

any given Time. | 
A mean Conjunction is, when the mean Pla 
of the Sun is the ſame with the mean Place « 
the Moon in the Ecliptic : And a mean Oppo. 
fition is when that is oppos'd to this laſt. Loc 
in the Tables of the mean Motion of the Moa 
from the Sun, the mean Diſtance of the Moo 
from the Sun for the given Time (reduc'd to: 
Mean) which if it be none, or of ſix Signs, thei 
there will be either a mean Conjunction, or: 
mean Oppoſition ; it it be leſs, note the defed, 
(or the Arc which the Moon will run thro' i 
order to overtake the Sun again if you want 
mean Conjunction, or in order to be ſix Sigr 
diſtant from it if you want a mean Oppoſition, 
and from the Table of the mean motion of thi 
Moon from the Sun, -in Days, Hours, and part 
of Hours, gather the Time requiſite to run thro 
that Arc; namely, by always ſubtracting fron 
Arc, yet to be run thro' the next lefler Ar 
found in the Table, by marking the Time re 
quired to run thro' the ſubtracted Arc, and g 
thering thoſe Times into one Sum : This be- 
ing added to the given time, will make up the 

Time of the mean Syzygy requir'd. 

If any Times on each ſide the Syzygies be re. 
quir'd, to the afore found Time muſt be added 
the Time of one whole Revolution of the Moon 
about the Sun; and you will find the Time of 
the next mean Syzygy. And this may be re- 
peated as often as you will, and ſo any number 

of Syzygies may be found. 
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PorosITION XXXI. 


O determine the Time of the next true Conj un- 
Gion or Oppoſition of the Sun and Moon for 
y given Time. 

A true Conjunction of the Sun and Moon hap- 
ens when the Sun's true Place is the ſame with 
he Moon's true Place corrected and reduc'd to 
We Ecliptic ; and a true Oppoſition when 
hat is oppos'd to this. Having found (by the 
oregoing) the Time of the next mean Syzygy 
which need not be exactly determin'd, it be- 
ng ſufficient nearly to do it) find ( by Prop. 18. 
5. 3. and Prop. 28. B. 4.) the true agreeable 
Places of the Sun and Moon, which, if either 
hey fall in together or are oppoſite, the mean 
7 true Syzygies will alſo coincide ; but if they 
lon't, mark the diſtance of the Moon from the 
zun, namely, that by which the Moon either has 
ot yet reach'd or has paſs'd the Sun or its Op- 
poſition. But to find out the ſpace of Time, in 
hich it will go thro' or has gone thro' ſuch an 
Arc, you mult uſe the following Method: Find 
Put the Places of the Sun and Moon for the 
our before or after that Point of Time for 
hich you already have them ; by which means 
You will have the Sun and Moon's horary mo- 
ions, and conſequently their Difference, or 
e horary motion of the Moon from the Sun 
or a given Time ; that is, the ſpace of Time 
(viz, an hour) requir'd for the Moon to move 
from the Sun thro a known Arc in the manner 
before found. And therefore, ſuppoſing the 
Sun and Moon to move equably in that ſmall 
Time that the true Syzygy may be diſtant from 
the mean Syzygy, you will have the time re- 
quir'd for the Moon to move from the Sun the 
leng:h 


4 


| 372 The ELEMENTS Book I 


ProPOSITLON XXX. 


O determine the time of a Mean Conj unct ion u 
Oppoſition of the Sun and Moon next followin 

any given Time. | 
A mean Conjunction is, when the mean Plac: 
of the Sun is the ſame with the mean Place 
the Moon in the Ecliptic : And a mean Oppo- 
fition is when that is oppos'd to this laſt. Loc 
in the Tables of the mean Motion of the Moo 
from the Sun, the mean Diſtance of the Moo 
from the Sun for the given Time (reduc'd to; 
Mean) which if it be none, or of ſix Signs, the 
there will be either a mean Conjunction, or! 
mean Oppoſition ; it it be leſs, note the defedy 
(or the Arc which the Moon will run thro' i 
order to overtake the Sun again if you want 
mean Conjunction, or in order to be ſix Sign 
diſtant from it if you want a mean Oppoſition, 
and from the Table of the mean motion of the 
Moon from the Sun, -in Days, Hours, and pars 
of Hours, gather the Time requiſite to run thro 
that Arc; namely, by always ſubtracting fron 
Arc, yet to be run thro' the next leſſer Ar 
found in the Table, by marking the Time re. 
quired to run thro' the ſubtracted Arc, and g. 
thering thoſe Times into one Sum : This be- 
ing added to the given time, will make up tht 
Time of the mean Syzygy requir'd. 
If any Times on each ſide the Syzygies be re. for 
quir'd, to the afore found Time muſt be added 
the Time of one whole Revolution of the Moon 
about the Sun; and you will find the Time of 
the next mean Syzygy. And this may be re- 
peared as often as you will, and ſo any number 
of Syzygies may be found, 
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PorosrTion XXXI. 


O determine the Time of the next true Conjun- 
ction or Oppoſition of the Sun and Moon for 
ny given Time. 
A true Conjunction of the Sun and Moon hap- 
ens when the Sun's true Place is the fame with 
Ihe Moon's true Place corrected and reduc'd to 
e Ecliptic ; and a true Oppoſition when 
hat is oppos'd to this. Having found (by the 
oregoing) the Time of the next mean Syzygy 
which need not be exactly determin'd, it be- 
ng ſufficient nearly to do it) find ( by Prop, 18. 
. 3. and Prop. 28. B. 4.) the true agreeab!e 
laces of the Sun and Moon, which, if either 
Whey fall in together or are oppoſite, the mean 
ind true Syzygies will alſo coincide ; but if they 
lon't, mark the diſtance of the Moon from the 
Sun, namely, that by which the Moon either has 
ot yet reach'd or has paſs'd the Sun or its Op- 
poſition. But to find out the ſpace of Time, in 
Which it will go thro' or has gone thro' ſuch an 
Arc, you mult uſe the following Method: Find 
Put the Places of the Sun and Moon for the 
our before or after that Point of Time for 
hich you already have them ; by which means 
you will have the Sun and Moon's horary mo- 
ions, and conſequently their Difference, or 
the horary motion of the Moon from the Sun 
for a given Time; that is, the ſpace of Time 
(viz, an hour) requir'd for the Moon to move 
rom the Sun thro' a known Arc in the manner 
before found. And therefore, ſuppoſing the 
Sun and Moon to move equably in that ſmall 
bet Time that the true Syzygy may be diſtant from 
the mean Syzygy, you will have the time re- 
quir'd for the Moon to move from the Sun the 
| leng:h 
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length of the Arc of its diſtance from the du 
at the time of the mean Syzygy. That Time 
added to the Time of the mean Syzygy if the 
Moon has not yet reach'd the Sun or its oppe 
ſite, or taken from it if it has already pas d i 
will give the requir'd Time of the true Syzygl 

If the greateſt exactnſs be defir'd (as is don 


Time of the true Syzygies find again the Su 
and Moon's Places, and if they happen to þ 
juſt rogether, or preciſely oppoſite, the thin 
is done; if not, let that time be again corte 
cted as before; namely, from the almoſt tm 
Time of the true Syzygy already found, fin 
the exactly true Time after the ſame manner: 
you found the almoſt true Time, from the | 
fore found Time of the Mean Syzygy. 
Thoſe that make Calculations don't ende: 
vour to find the Horary Motion of the Moot 
from the Sun, agreeable to the mean Syzygy 
after the manner that we have taught; but 
take it out of the Tables, where the hora 
Motions of the Sun and Moon are ſet dowif 
according to the Degree of Anomaly which 
they reſpectively have; and that not amiſs i 
the Sun, but in the Moon, which is ſubject ti 
fo many Inequalities, we ought to proceelſ 
more cautiouſly : Bur a farther Correction take 
off all Error, that may ariſe from hence. Al: 
ter the ſame manner, the Time of any othet 
Aſpects of the Sun and Moon may be de 


termin'd, 
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SECTION VII. 
Of the Moon's Eclipſe. 7 


_ 
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Aving in the third Book ſpoken of the 
Earth's true motion about the Sun, to 
which the apparent motion of the Sun about 
the Earth anſwers in all things; and in this 
Fourth Book, of the various Motions of the 
Moon ſeen from the Earth; and treated of all 
thoſe things which appear in the Heavens upon 
the account of the Dinrnal Rotation of the 
Earth about its own Axis, in the Second Book; 
it is eaſy, from what has been before laid down, 
to deduce whatſoever happens to the Sun and 
Moon. But becauſe the Eclipſes of the Lumi- 
naries are ſome of the moſt remarkable Ap- 
pearances 'in the Heavens, and Aſtronomy 
owes 4 great deal to their Contemplation 
and Calculation and to the finding out of the 
Cauſes of them; after the manner of others 
we will treat of them by themſelves, eſpecially 
fince here occur ſeveral Speculations worthy to 
be fully diſcuſs d. To which end we muſt lay 
down ſome Lemma's for each of the Eclipſes 
concerning the apparent Semidiameters- of 
the Luminaries, the Shadows of the Earth 

and Moon, ec. which are commonly call'd the 
S Diagramof Hipparchus, becauſe by the compariſon 
of them (which is eaſy in a Diagram) Hipparchus 
attempted to define the Magnitudes and Diſtances 
of the Luminaries; as it was before done by 
Ariſtarchus, in the Book of the Magnitudes and 
Diſt ances of the Sun, and Moon, and afterwards 


by 
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by Ptolemy, in the x5th and 16th Chapters of 
the Fifth Book of the great Conſt r uction. | 


PzoPOSITION XXXII. 


O find the Sun and Moon's Semidia. 
meters agreeable to a given Time. 
Let the Sun and Moon's apparent Semidiame- 
ters be obſerv d at any Time; and fince, from 
the Theories of the Sun and Moon above given, 
their Diſtances from the Earth, either at the 
Time of Obſervation, or at any other Time, 
are given; their apparent Semidiameters will 
be alſo given: For the apparent Semidiameters 
of a Spherical Body are reciprocally as its 
Diſtances from the Eye. 
Aſtronomers make Tables of the Sun and 
Moon's apparent Semidiameters, for every De- 
gree (or every fifth Degree) of a Luminary's 
mean Anomaly. And moreover, as the Semi- 
diameter of a Sphere, in the ſame Diſtance 
from the Center of the Earth, is greater as it] 
is nearer the Zenith, becauſe it is nearer to the | 
Spectator; and the Difference of it in the 
Horizon and in the Zenith be ſenſible in the 
Moon, but not in the Sun: Therefore they 
alſo make Tables of the encreaſe of the 
Moon's apparent Semidiameter for every (or 
every fifth) Degree of the Elevation of the 
Moon above the Horizon. 
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F an opake Sphere be exposd to a lucid one, the 
whale or full Shadow (that is, the ſpace of the 
ambient Medium to 2which no Ray of the lucid Sphere 
Wan come at) will be caſt towards the parts oppoſite to 
he Incid Sphere included in the Superficies of a Right 
one, whoſe Axis is a Right line joining the Centers 


n, F the Spheres, whoſe Baſe is a Circle in the opake 
e Ppbere, dividing its enlighten'd from its darken'd 


art: And the vertical Angle of the Triangle thro" 
be Axis is nearly equal to the difference of the Angle. 
nder which the lucid Sphere is ſeen from the Center 
f the opake one, and the opake one from the Center of 
he lucid one. And if the Cone of Shadow be cut any 
ow by a Plane parallel to the Plane of the Baſe, the 
Diameter of the Circle of Shadow ſo generated of 
made will appear from the Center of the opake Sphere; 
nder an Angle nearly equal to the Interval of two 
Ingles ; one of which is the aggregate of the Angles 
ler 2ybich the opake Sphere is ſeen under from the 
enter of the lucid Sphere, and from the Circle of 
badow ; and the other, the Angle under whith tha 


the cid Sphere is ſeen from the Center of the opake ones 
Wy Fig.-2 8.] C 
the Let there be two Spheres, whoſe Centers ate 4 


dB, one of which is lucid and the other opake 5 
aw the Right line 4 B, thro' which a Plane is 
d paſs, whoſe common Sections with the Spheres 
e the Circles DF, EG; draw DE, FG Tan- 
ents to the two Circles on the ſame ſide, at 
me Points D and E, Fand 6, and let them bs 
roduc'd till they meet at C, with AB alſo pro- 

cd. It is plain that the whole or full Sha- 
ow, which either of the Spheres, ſuppos d opake, 
eing enlightned by the lucid one, caſts, is con- 
uin d under a Conic Surface deſcrib'd by the 
| Hhh Ro- 
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Rotation of the Right line D C about the Axis 
AB; that is, by the Surface of a Right Cone 
whoſe Axis is the Right line A BC and Baſe, 
Circle whoſe Diameter is the Right line DPF ot ar 
EG. To the Conic Surface I add a Cylindric if 
one made when the Spheres happen to be equal. i: 
From A draw Right Lines touching the Cit. in 
cle GE in H and I, and let AH be produced 
till it meets with CD at R, and from B dravi 
Tangents to the Circle D F in L and M. By the 
Prop. 3 2. El. 1. the Angle 4 C D is equal to AKH bei 
taking away RAB: But (by reaſon of cheſs of 
great diſtance of the Spheres that we ſuppoſc/|Wan 
the Angle AKD is nearly equal to ABL ; and An 
therefore ACD is equal to A BL, taking aw mi. 
EXA B. And taking the Double of them, this 
Angle FC D is equal to the Angle ABL, tal he 
ing away the Angle IA H. al 
Let us ſuppoſe either of the Spheres, as fol 
Example, E G, to be opake, and let the Con 1 
of Shadow E CG, be cut any how by a Plan 
parallel to the Plane of the Baſe, and the SediWipp 
of will (by Prop. 4. of B. 1. El. Conic.) be a Cirfthit 
cle, whoſe Diameter NO is parallel to the Rig e. 
line DF, or EG, and whoſe Center P is in ti or 
Axis of the Cone; from which draw PO, Ph. 
Tangents to the Circle EG, and join the Rig rot 
lines BO, BN. By Prop. 32. El. r. the Ang eit 
PB N is equal to BNE, having taken aw 
BCN: But (if BN be almoſt equal to B P whid fe 
1 ſuppoſe) BNE is nearly equal to B PQ, fror 
it has lately been ſhewn, that B CN is equal! 
ABL, taking away B AH; and therefore Beem 
is equal to the aggregate of the Angles B Ing 
and B AH, taking away the Angle AB L. Af: 
taking the double of them, the Angle O0 ear 


Sa 


e ee, = 


= equal to the aggregate of the I 
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R, HAI, taking away the Angle £8 24: 


E. D. 
Ef E G be ſuppos'd à lucid Spliere, and BF 
an opake one, the ſame things would hold good, 
if ON and all the other Lines depending upori 
it be drawn on the other ſide of the Sphere DF, 


in reſpe& of B. | 
i 225 S SCHOLIU AM: ; | 
wi” If the Sphere D F repreſents the Sun; EG 
che Earth, reckoning as part of it, whatever 
being circumfus'd about it hinders the paſſage 
he of the Rays; ECG the Shadow of the Earth j 
ſe and NPO part of the Moon's Orbit: The 
Angle A B L will be the Sun's apparent Se- 
Winidiameter, ſeen from the Center of the Earth; 
A che Suns horizontal Parallax: BP 
She Moon's horizontal Parallax at the Di- 
ance BP; therefore BCE the Vertical Semi- 
Wingle of the Cone of Shadow is equal to the 
; . of the apparent Setnidiameter and 
Ie Sun's horizontal Parallax ; and P BN the 
Wpparent Semidiameter of the Earth's Shadow, 
Wittiro' which the Moon is to paſs) ſeen from the 
enter of the Earth, equal to the Sum of the 
orizontal Parallaxes of the Sun and Moon, 
hen the Sun's = Semidiameter is takett 
rom it. And therefore, three of theſe fotir 
Weing given, the fourth will alſo be known! 
for Example, the Sun's Parallax, and con- 
iWMequently (by Prop. 46. B. 2.) its diſtance will 
rom hence be known: For the difference of 
Wi: Moon's horizontal Parallax and the Sun's 
ertiidiameter, by Obſervation of the Notes, be- 
g ſubtracted from the Note (by Obfervation 
ff the Moon's Eclipſe) of the Earth's Shadow, 
ies the Sun's Parallax for 3 of chs 
don, known by the apparent Semidiameter. 
* H h. 2 Bus 


ſ 
C 
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But if D F be the Sun, E G the Moon, and 
NPO part of the Diſc of the Earth (that is, of 
the. Plane of a great Circle of the Earth, to 
which a Right line joining the Centers of the 
Sun and Earth is perpendicnlar) in which the 
Shadow falls; the Semidiameter of the Sha- 
dow is from B, the Center of the Moon, ſeen | 
under the Angle PB N equal to the Sum of the 
apparent Semidiameters of the Moon ſeen from 
the Centers of the Sun and Earth, ſubtracting 
the Sun's apparent Semidiameter ſeen from the 
Moon's Center. And becauſe, by reaſon of 
the immenſe diſtance of the Sun from the Earth, 
in reſpe& of the diſtance between the Moon 
and the Earth, the Sun's Diameter ſeen from 
the Moon appears almoſt under the ſame Angle 
as when ſeen from the Earth, and the Moon's 
Semidiameter ſeen from the Sun is to be look'd 
upon as of no magnitude, as being almoſt fub- 
quadruple of the Sun's horizontal Parallax; 
the Semidiameter of the Moon's Shadow, re- 
ceiv d upon the Diſc of the Earth, is ſeen from 
the Center of the Moon, under an Angle al. 
moſt equal to the difference of the Angles, un- 
der which the Semidiametergof the Sun and . 
Moon appear from the CenteFof the Earth. | 

But it the Semidiameter of the Sun, ſeen 
from the Earth, be greater than the Semidn- 
meter of the Moon ſeen from it, the apparent 

Semidiameter of the Shadow ( fince it is equal 
to the leaſt; after the greateft is taken away) 
becomes negative; that is, after the Shadow i 
.terminated and ended in the Vertex of the 
Cone, the little Circle, made by the Section of 
a Cone, whoſe Vertex is plac'd againſt the Ver- 
tèx of the Cone of Shadow, is ſeen from the 
Moon, under an Angle equal to the — 
259 es © 0 
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of the Angles, under which the Sun and Moon 
are ſeen from the Center of the Earth. But this 


little Circle is inſtead of a Circle of Shadow, 
for it is the moſt obſcure part of the Circle of 


i Penumbra, and (like a full Shadow) equally dark; 
namely, whoſe Points, one by one, become en- 
lighten d as the Diſc of the Sun exceeds that of 
the Moon from the apparent Earth: For all the 
n I foregoing things are true of the Right line ON 
g drawn beyond C. | | 

f PROPOSITION XXXIV. 

h, F an eule Sphere be expos d to a lucid one, beſides 
n the total or full Shadow, there will be a Penum- 
m bra (that ir, a ſpace of the ambient Medium, from 
le N whoſe Points ſome Rays are kept off by the opake 
1's Sphere) towards the Parts turn d from the Iucid Sphere, 
0 WR ncluded by the ſurface of a Right Cone, whoſe Axis 


is the ſame with the Axis of the full Shadow, and the 
Vertical Angle of the Triangle thro the Axis is equal 
to the ſum of the Angles under which the lucid Sphere 
mi ſeen from the Center of the opake one, and the opa le 
one from the Center of the Iucid one. And if this penum- 
rous Cone be cut any how by a Plane parallel to the 
Plane of the Baſe, the Diameter of the penumbrous Cir- 
cle ſo generated(taking in the ſmall Circle of fullShadow 
Ist its Center, F there be any ſuch) ſeen from the Cen- 
li- ter of the opake Sphere, appears under an Angle equal 
ent o the aggregate of three Angles ; namely, thoſe Two 


ual der which the opake Sphere is ſeen from the Center 
ay) of the Iucid one, and from the Center of the penum- 
vis ron Circle, and the Third under which the lucid 
the {MSpbere is ſeen from the Center of the opake one. (fig. 


29.) | 

Ver- Things remaining as in the foregoing Prop. 

the draw the Right lines DE, FG, touching the 

nc? [Circles on the alternate ſides, and crofling each 
of REA __., a other 
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other in the Point C of the Right line A B. It 
appears, that beſides the whole Shadow, there E 


is alſo projected about it a Penumbra on the ſide BN br 
turn d frvm the lucid Sphere, becauſe all the WW P: 
ſpace contain'd under the Conic ſurface, gene. 
rated by the Right line D E, produc'd beyond R 
the opake Sphere, and turn'd round the Axis in 
AB, is ſuch, that from any Point of it ſome MZ 
Rays of the lucid Sphere are kept off by the th 
interpoſition of the opake one, and therefore it | 3= 
is not ſo much enlighten'd as the Parts round An 
about this Conic Space, from which no Rays du 
are kept off. And thoſe parts of this Space ol 
> 


which are neareſt to the full Shadow, (name- 
ly, thoſe about its middle, from which all the 
the Rays of the lucid Sphere are kept off 
are more obſcure than thoſe which are more 
remote; as being enlighten'd by Rays flowing 
from a leſs part of the lucid Sphere : And the 
Surface that circumſcribes the Penumbra, is tha: 
of a Right Cone, whoſe Axis is the Right line 
A3, extended beyond the opake Sphere, and] l 
Baſe, a Circle deſcrib'd on the Diameter DH — 
r EG. nd £ 

i After the ſame manner as before, draw from the 
A Right lines touching the Circle 6 E in H. h 
and 7, of which 4 H may meet with D E pro- 


RN 
O 
my 


xe 


> 
* 
«A 
=» 


APE 


rpg 


* 


9 


Gy \ 
A. 


1 


n 


duc'd at K; And from B let Right lines be. 1 
drawn touching the Circle D F in L and MW 
By Prop. 32. Elem. 1. the Angle ACD is equal 4 
to AKD and BAK together; but AK PIA 
nearly equal to ABL ; and therefore A C D is], 
equal to ABL and B AH together, And taking of | 
the double of them, the Angle Fc D is equil . 
to the Angles MB L and IA H taken toge· -<* 
ther, — 


Let 
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Let us ſuppoſe either of the Spheres, as. for 
Example, E G to be opake, and let the penum- 
brous Cone be cut by a Plane. parallel to the 
Plane of the Baſe, and the Section will be a 
Circle, whoſe Diameter N O is parallel to the 

Right line D For EG, and whoſe Center P is 
in the Axis of the Cone; from which, let P, 
e PR be drawn touching the Circle E G, and let 
e che Right lines B O, B N be drawn. By Prop. 
32. Elem. x. the Angle PB N is equal to B NC 
and BCN together: But (if B N be almoſt e- 
v qual to BP, which I ſuppoſe) B NC is almoſt 
equal to BP; and it has been lately ſhewn, 
chat BCN is equal to ABL and BAA toge- 
cher; and therefore PB N is equal to the ag- 
gregate of the three Angles, B P, BAH and 
WABL. And taking the double of them, the 
Angle OB N is equal to the aggregate of the 
Wthree Angles, PR, HA I; and LB M. | 


SCHOLIUM 


= If the Sphere D F repreſents the Sun, E G 
7 N the Earth, and NP O part of the Lunar Orbit; 
che Semidiameter of the Penumbra ſeen from 
on iche Center of the Earth, is equal to the ſum of 
y / the Horizontal Parallaxes of the Sun and Moon, 

10. and the Sun's apparent Semidiameter. 
del But if the Sphere D F repreſents the Sun, E G 
che Moon, N O that part of the Diſc of the 
nal Earth in which the Penumbra falls; the Semi- 
\ diameter of the Penumbra ſeen from the Cen- 
2 zer of the Moon, appears under an Angle equal 
mm I the aggregate of the apparent Semidiameters 
ue of the Moon, ſeen from the Centers of the 
: e. Earth and Sun, and the apparent Semidiameter 
©" Bl of the Sun ſeen from the Center of the Moon s 
and therefore (for the Reaſons alledg'd in the 
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Sohol. of the foregoing) under an Angle nearly p 
equal to the aggregate of the Semidiameters of 
the Luminaries, ſeen from the Center of the 
the Eartmnn. 1 


| PROPOSITION XXXV. 1 5 
O determine whether a Full- Moon to come, wil If 
I be Ecliptical; and if there will bean Eclipſe, ll te: 
to define its Species; that is, ſhew whether it will h ne 
Partial or Total; whether it be cum mora or ſine let 
mora ; that is, whether the Moon makes any ſtay in th 
the Earth's Shadow, or not. (Fig. 30-). . Ich 
Buy Prop. 31. find the time of the true Full. NM 
Moon upon a given Month, for which, {by BY nc 
Prop. 18. B.2.) find the Sun's Place, and you will th 
conſequently have the Point oppoſite to it: Let M 
it be expreſs d by O, (Fig. 30.) where C & re- th 
reſents the Ecliptic. Find the Places of the te. 
Moon's Nodes for the ſame Time, (of which leide 
& be neareſt to the Point O) and alſo the In- as 
clination of the Moon's Orbit to the Ecliptic. th. 
Let the Circle of Latitude OP meeting th Ci 
Moon's Orbit & P in the Point P, where the be 
Moon is at the time of the true Full- Moon, be fo 
ſuppos d to be drawn. In the Heaven of the fo 
Moon the circle of Shadow expreſs'd by RH v3 
15 conſtantly about the Center O, being a Circ: in 
made by the Section of the Conic Shadow of the de 
Earth, by a Poſition of the ſaid Heaven para- 3c 
jlel to the Baſe of the Cone, which if the ot 
Moon M H, does in part, or wholly enter, ther be 
will be an Eclipſe ;- otherwiſe. none. But the cc 
Moon comes neareſt of all to O, and therefore, ¶ th 
if it is immers'd in the Shadow, it is moſt of al M 
immers d, when its Center is in the Point L; 
Which the Arc of the great Circle O L, perpen - 0 
dicular to the Moon's Way, ſhews :. For the & 
. | : 7.8% Point WW * 


PEST 


BookIV. of ASTRONOMY. 585 
Point L comes neareſt to O than 'any other of 
the Way of the Moon. But it is plain, that 
if the Arc O L exceeds O R and LM, the Semi- 
diameters of the Shadow and of the Moon to- 
gether, (as in the 1ſt Fg. 30.) the Moon will 
go on it its Way & P, quite clear of the Shadow. 
If OL be equal to the ſum of the ſaidSemidiame- 
ter, the Moon will indeed touch the Shadow, but 
neither enter it nor be Eclipſed. If the Arc OL be 
ess than the aggregate of the Semidiameters of 
che Moon and the Shadow, and yet greater 
chan their Interval, (as in the 2d fg. 30.) the 
„Moon will be Eclipſed; but the Eclipſe will 
7] not be Total, but Partial of fo many Digits as 
ii there are 12th Parts of the Diameter of the 
et Moon's Diſc immers d in the Shadow. But if 
e- the foreſaid Arc O I, be equal to the ſaid In- 
he tecval of the ſaid Semidiameter, there will in- 
lei deed: be a Total Eclipſe, but one fine mora: For 
as ſoon as the whole Moon is immers d into 
ic the Shadow, the Moon's Diſc touching the 
the Circle of Shadow within, will immediate! 
he begin to emerge as the Moon goes ever ſo little 
del forward. But if the Arc OL be leſs than the 
the foreſaid Semidiameter of the ſhadow and inter- 
val of the Moon, then the whole Moon will be 
rc immers'd into the Shadow, ſome part of the Sha- 
the dow being extended beyond the Moon, (as inthe 
ral: 3d fg. 30.) whence the Moon's Eclipſe will not 
the only be Total, but laſt ſome time; that is, will 
nere be Total cum mora, and that more or leſs, ac- 
the cording to the Quantity of the Arc OL, the 
ore, thickneſs of the Shadow and Velocity of the 
Fal Moon. 
t L Now the way to find the quantity of the Arc 
en- OL, is as follows; In the ſpherical Triangle 


the N OP (fg: 31.) Rectangular at O, & O, the di- 
, {tance 


Oint 


_ wo, PETR by a — 
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ſtance of the Node from the Point oppoſite to 
the Sun, and the Angle at & of the Inclination i 
of the Moon's Track to the Ecliptic at the time 
of Conjunction are given, from which may be 
found the Angle at P, and the Side O P. Again, 


in the Triangle POL, beſides the Right Angle 


at L, you have given the lately found Side and 


Angle, from which may be diſcover'd O L and 


P L. But you may readily find out O L from 
the Tables of the Moon's Latitude, by taking 
it equal to the Latitude for the Argument of th 
Latitude equal to 8 O0: For if you ſuppoſe 8. 


equal to Q O, it is plain, that the Arc « a perpen- 


dicular to the Ecliptic, is equal to the Arc O L; 
for in the Triangle OLS, „N, having a com- 
mon Angle at & all things are equal. Moreover, 
for the Time of the Full- Moon before found, the 
apparent Semidiameter is (by Prop. 32.) given, 


and (by Schol. Prop. 3 3.) the apparent Semidia- 


meter of the ſhadow of the Earth, where the 
Moon goes thro' it; and therefore the Sum or 
Difference of the Semidiameters of the Shadow 
and of the Moon, may be compar d with the | 
before- found Arc O IL, and from it find out of 
what kind the Moon's Eclipſe will be, accord- 
ing to what has been above demonſtrated. 7 

Commonly by the ſhadow of the Earth, the 


total ſhadow is only meant; for that alone Pi 
takes away all the Light of the Moon, becauſe Þ 
no rays of the Sun can come at it: Neither i 
does the Moon appear to us, Inhabitants of the 


Earth, to be Eclips'd, unleſs that happens. But 
the Moon does truly begin to be Eclips'd as Þ 
{oon as it enters into the Earth's Penumbra, be- 
cauſe in that caſe it is leſs enlighten'd, the opake Þ 
Earth intercepting ſeveral of the Sun's Rays. 
But the effects of the Earth's Penumbra itſelf 


upon 
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pon the Moon, are manifeſt to us Inhabitants 
Lf the Earth. Hence it happens, that when 
Whe Moon is about to be Eclips' d, it firſt grows 
Full and pale, eſpecially in that part of it which 
near the Shadow. For (as it has been ex- 


* iÞplain'd in the 18th Prop. B 1.) before the whole 
| Bun be cover'd from any part of the Moon; that 
before the Moon comes to the whole Shadow, 
i Bart of the Sun is intercepted from it by the 
8 Earth, and the greater part of the Sun, by its 
e imb, which is the neareſt to the total Shadow : 


Hut the whole Sun does illuminate the Moon 
Wore clearly than part of it, and the greater 
Part of it more than the leſſer. If therefore we 
peak of ſuch an Eclipſe of the Moon, inſtead 
f the whole ſhadow of the Earth (of which a- 
one we ſpoke above) you muſt take the Pe- 
Fumbra, whoſe Semidiameters will be found by 
£ * hol, Prop. 34. ugh 


COROLLARY 


or 

WB Hence will the Moon's Eclipric Terms (as they 
he all em) be defin'd. For if O L be leſs than the 
8 Jum of the Semidiameters of the Shadow and of 


he Mogn, there will at leaft be ſome Eclipſe. 
Therefore in the Triangle & LO, having beſides 
he Right Angle at L, the Angle LN O, and the 
Side O L equal to the ſaid ſum of the Semidia- 
meters, the ſide 63 O will be found, namely the 
Niſtance of the Moon from the Node reckon'd 
n the Ecliptic ; which if it be ſuch, at the time 
Jof the true Full-Moon, the Moon will paſs by 
the Shadow without any decreaſe of its Light: 
Hut if at the moment of the ſaid Full- moon the 


Moon's diſtance from the Node be leſs than the 
ys Jabove-found Arc & O; the Moon will ſuffer 
ſelf ſome Eclipſe ; But by reaſon of the ſmallneſs of 
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the Angle at & and of the ſides of the Triangh, 


ROP, OP differs very little from O L, and 


therefore the Ecliptical Terms may ſafely e. 


nough be plac'd in it, when at the time of the 
true Full- Moon, = Latitude is equal to the 
eters of the Moon and i 


ſum of the Semidi 
the Shadow. 


run ns. 


1 


eat Circle drawn thro C and E, comprehends with 
D. (fig. 32.) : * | fItt : | 
Let the great Circles B E, C D, be drawn. 
In the Triangle C B D, the ſides C B, B D, toge- 
ther with the Angle C B D, which they contain, 
being given, you have alſo the ſide C D, and 
the Angle C DB: But the Angle B D E is given, 
therefore C D E will alſo be known. More- 
over, in the Triangle C D E, the ſides CD, DE, 
and the Angle C D E being given, the Angle 


CED will alſo be known. Laſtly, if in ghe Tri. 
angle ADE, the Angles ADE and AED to- 
gether with the ſide D E be known, the Angle 


A will be found. +: 


* . 
4 


P R0- 


4 there be given in the Surface of a Sphere, BC 
DE, Arcs of great Circles, which in given AngluM 
ſtand upgsy ABD, which is alſo: a great Circle, au 
alſo the Arc BD, fo find the Angle A, which M 


r ˙ df es, ng CS 
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PROPOSITION XXVVI. 


HE Inclination of the Moon's Orbit to the Ecli- 
ptic, and the Horary Motion of the Sun and 
von being given, to find the Inclination of the Moon's 
ay from the Sun to the Ecliptic, or to the Circle of 
W.:titude, agreeable to a given diſtance of the Moon 
rom the Node. [Fig. 33.] | 

It has been'ſhewn, in the foregoing Propoſi- 
ion, how the Inclination of the Moon's abſo- 
Nute Way, or of its Orbit to the Ecliptic may be 
Wound for a given Time. But for calculating 


ow the Moon's Way from the Sun, or from a 
WP oint oppoſite to it, is at that time inclin'd to 

Whe Ecliptic; and the motion of the Moon from 
he Sun is to be conſider'd as if the Sun ftood 
amov'd, or rather as if the Sun, after having 
ovyvd a little way, ſhou'd be drawn back to its 


ad Place, and the Moon alſo as much in lines 
en Parallel to each other. In ſuch a caſe it ap- 
re: ears, that the Way which the Moon going from 


he Sun fenters into in the forementioned ſenſe, 


nd differently inclin'd to the Ecliptic. 
In order to find this Inclination, let SC res 


ay, & the Node. Let S be the Sun, or any 
ther point of the Ecliptic, having a given 


End its Latitude L A. In a ſmall part of Time 
as for Example, an hour or two) let the Sun 
de ſuppos'd to have mov'd from S to c, and the 
oon from L to a. Now ſuppoſe that the Sun 
de drawn back from e to S, and the Moon be 
Is much drawn back, viz from L to a, along 
he Right line I, equal and parallel to b S; 

raw 


0 


Whe Eclipſes of the Luminaries, you muſt know 


different from the Moon's abſolute Way, 
; preſent the Ecliptic, LB the Moon's abſolute” 


liſtance from the Sun, L the Moon's Place, 
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draw the Arc LI, which will be the Way which 
the Moon, mov'd from the Sun, goes thro, 
tho its abſolute Way be the Circle LB. To de- 
termine that Way LI, there are given LA the 
Latitude of the Point L given in the Moon; 
true Way, and J the Latitude of the Point 
which is the ſame as a, the Latitude of the 
Point x, alſo given in LB, the true and abſolut 
Way of the Moon; becauſe its Diſtance a1, 
from the given Point L, is given; namely, the 
Way of the Moon, gone thro in a given Time; 
for Aa, the difference of Longitude is given 
namely, the Exceſs of the given 44 above 40 
or Se; and therefore (by the foregoing Lemma) 
you will have gore the Angle between LI, thi 
Moon's Way from the Sun, and the Ecliptie 
and the Angle L Ia, comprehended between 
the ſaid Way and the Circle of Latitude, 4 
2. E. F. 


| COROLL ARK . 
By how much leſs the motion of the Moc 
from the Sun is, by ſo much (czreris paribus) tu 
Angle between the Ecliptic and IL is greater; 
for, remaining the ſame, it is plain that by hou 


much LA is leſs, by ſo much the Angle X L1| 8 
greater: And by how much the Point LI by 
nearer to the Node, by ſo much (ceteris paribu)Þl (1 
will the Angle between IL and the Ecliptic be Ti 
Feuer for by how much L is nearer to &, hen 
o much will A L, a little part, conſider d as 1 by 
Right line, contain a greater Angle with 8 C, th 
and therefore it will hold much more in IL: Bu ci: 
the Angle IA L is alſo greater, becauſe a / is m. 
very where parallel to gc 0 
or 

$6 HO Gt 
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SCAHOLIUM, 


Aſtronomers conſtruct Tables of thoſe An- 
ples, which the;Moon's Way from the Sun com- 
prehends with the Ecliptic, according both to 
che various horary motion of the Moon from 
| the Sun, and to the Moon's diſtance from the 
Node, that the Way of the Moon through the 
- WS Shadow of the Earth, or that of the Shadow 

of the Moon, over the Diſc of the Earth, may 
be readily and eaſily determin d. They calcu- 

late theſe Tables, for every minute of a Degree 
of the Exceſs of the Moon's motion, above 

the Solar, in one hour: But as they ſerve chiefly 
for Eclipſes, the Tables of them are only car- 
ried on Id far as ſach a diſtance from the Node, 
Win which the Moon may run into the Earth's 
Shadow, or project its own Shadow on any part 
of che Earth. 


PROPOSITION XXXVII. 


q = b O determine the Mean or Middle Time of a 
; Lunar Eclipſe, happening in a given 
= Month. [Fig. 34] 
Let & K repreſent the Ecliptic, as before; 
E the Way of the Moon from the Sun, found 
by the foregoing Prop. for the mean Eclipſe, 
© (if you will have it as it wou'd be for the whole 
Time of the Eclipſe, which may be done ſafe 
enough; otherwiſe you may work more exactly 
by often finding that Way of the Moon from 
che Sun;) & the Node next to it; DRCG the 
circular Section of the Shadow of the Earth, 
made by the Heaven of the Moon, which the 
Moon in its Eclipſe runs into ; whoſe Center 
or rather Pole is O. Round the ſame Pole or 
Center O, deſcribe another Circle A F B exte- 
Ti0Or 


. >the red 


\ dan lt. 6 * 2 3 
* * 91 1 . 
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rior to the Circle of Shadow, in ſuch manner 
that AC, the diſtance between their Circum« 
ferences may be equal to the Moon's apparent 
Semidiameter. - Let theſe Circles meet with the 
Moon's Way in M, N, A, B. If & E does not 
cut the Circle AFB, there will be no Eclipſe, 
by the foregoing Prop. LetO 4, OB, Arcs of 
great Circles, be ſuppos'd to be drawn, meeting 
with the Circle DC G, at C and D; and OP, a 
Circle of Latitude, meeting with the Moon' 
Way at P, as before. If thro' O be drawn 
ORF, an Arc of a great Circle, perpendicular 
to the Circle Q E, meeting it at L; the Arc 
LB, LA, and the Arcs LM, LN will ( by the 


El. of Spherics be equal. Therefore the Moon 


(which we ſuppoſe to move equably at the 
time of the Eclipſe) takes up as much time in 
going from A to L, as from L to B. Let Cir- 
cles be ſuppos'd drawn round the Centers ot 
Poles AB, with the diſtances 4C, AD, which 
will rightly repreſent the Moon (becauſe AC i 


to OC as the Semidiameter of the Moon to the 


Semidiameter of the Shadow) and will touch 


the Circle DCG, namely, at C and D. When 
the Moon's Center is in the Point A, the Moon 
Eclipſe begins, (becauſe the Limb of the Moon 
touches the Limb of the Shadow at C,) and that 
Center being come on to B, the Eclipſe end 
for the ſame reaſon; and therefore the Mean off 
that Eclipſe happens whilſt the Moon's Center 
is in the Point L, namely, nearly that in 


which when the Center is, the Moon will be 
moſt immers'd in the Shadow, as has been 
ſhewn in the foregoing Prop. We ſhall like wiſe 
ſhew, that at the time in which the Moon' 
Center comes to the Point L, in Total Eclipſe, 
will be the middle of the whole Garen 

: When 
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when the whole Moon is immers'd in the Shas 
dow; or, in a word, it is the middle of the paſ- 
ſage of the Center of the Moon from N to A, 
becauſe N L is equal to L A. The place of the 
Node and the inchnation of che Limits, are 
look d upon as unchangable, not only by rea- 
ſon of the ſmall tirae of the duration of the E- 
ipſe, but becauſe when the Nodes are in the 
Syzygics With the Sun, theſe are truly unmov'd, 
by Prop. 14 and 15. Therefore the Problem 
returns to this, viz. That the Time is to be de- 
termin'd when the Moon's Center is found at 


0 For doing of which, you muſt (by Prop. 31.) 
1 ind the Time of thetrue Oppoſition; chat is, the 
nine when the center of the Shadow will be at O 
nnd the Moon at P; unleſs theſe two coincide, 


hich happens when in the time of the true Op- 
doſition the Sun is in one of the Moon's Nodes, 
n which caſe OL, PL, and OP,vaniſh: But alſo the 

agnitude of the Arc L P, has been found in the 
oregoing Prop. by the reſolution of the Tri- 
Ingles KOP; OLP. Therefore the time re- 
Wuir'd for the Moon to tun thro' PL muſt be 
Wound, and not only PL ſimply, but P £ beyond 
Whe Suns motion in the Ecliptic; (for whilſt the 
Moon paſſes from the true Oppoſition to 4 


hat Point of its Orbit, next to the center of the Sha- 
nds ow, or from this Point to that true Oppoſt- 
vol ion, the Sun, and conſequencly its oppoſite 
cer Point, which is the center of the Shadow, goes 
inn in the Ecliptic;) which is done by finding 
bel he Horary Motions of the Sun and Moon a- 


rreeable to the time of the Eclipſes of the Sun 
nd Moon, and from thence their differences 
greeable to the time of the Moon's Horaty 


uſes Aotion from: the Sun, as in the 31ſt Prop. when 
rich y Analogy you will find the Time requir'd for 
phen + - EU the 
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the Moon to move from the Sun thro' the 
known Arc LP. By the inſpection of the Fi. 
ures adapted to the reſpective Caſes, it is plain, i 
that the Time in which the Moon's Center is in f 
the Point L, near to the Center of the Shadow, Wil ® 
goes before the Time of the true Oppoſition, Wi © 
when the Moon is come to P, in the preſent Wh © 
caſe ; that is, when the Moon has juſt paſs'd the 4 
aſcending Node, which obtains alſo when it hat 
juſt paſs d the deſcending Node: But when the ic 
Moon is not yet come to the Nodes, the Tim n 
of the mean Eclipſe is after the Time of the. NM 
true Oppoſition: Whence it is plain, when the di 
Time between the true Oppoſition and the 
mean Eclipſe is to be added to the Time of ch 
true Oppoſition, and when it is to be ſubſtrad: 
ed from it, to make up the Time of the meat 
Eclipſe. | 
Aſtronomers commonly make Tables of tl 
Time in which the Arc LP is run thro”, to h 
added or ſubtracted from the Time of the tru 
Syzygy, to make the Time of the mean Eclipk8 
or of the greateſt Obſurity. That Time vari 
according to the different Velocity of the mo 
tion of the Moon from the Sun, and the diff 
rent diſtance from the Node. They continu 
theſe Tables, as well as thoſe of which we ſpokſ 
before in the Schol. Prop. 36. for every degree dl 
the Ecliptic Bounds, 


PROPOSHITION XXXVIII. 


O determine the Time of the Beginning and En 

of the Etlipſe of the Moon that happens in | 

given Month, and alſo of the whole immerſion of tl 

Moon into the Shadow ; and from thence alſo dei. 

mine the Duration, as well of the whole Eclipſe ail 
the whole Darkneſs, Fig. 35.} © * 

| * Thing 
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Things being as in the foregoing, except that 
in the firſt Fig. 35. the Moon in its Eclipſe is 
ſuppoſed to tend towards the deſcending Node, 
and it appears that che Eclipſe begins when the 
Center of the Moon is in 4, the Moon's Limb 
touching the Limb of the Shadow at C, by Prop. 
4. of the 2d B. of 7heod. Therefore in the Tri- 
angle A LO, Rectangular at L, you have, be- 
ſides the Right Angle, the Hypothenuſe O 4, 
namely, the ſum of the Semidiameters of the 
Moon and of the Shadow, and OL the leaſt 
diſtance of the Center of the Shadow from the 
Center of the Moon, found by Prop. 35. There- 
fore the Arc A L will be found, and conſequent- 
ly the Time requir'd for the Moon (by the ex- 
ceſs of its Motion above the Sun's Motion) to 
po thro' it; that is, half the duration of the 
whole Eclipſe. But the Time of the meati 
Eclipſe is known by the foregoing ; therefore 
its Beginning and End is known. h 
For determining the beginning of the whole 
nmerſion of the Moon into the ſhadow of the 
WEarth, things remaining as before, obſerve the 
ad Fig. Th whete the Moon's Eclipſe happens 
whilſt the Moon goes towards the aſcending + 
Node, and there let the Circle 4 FB be within 
De Circle of Shadow CDG; a Circle drawn 
ith the Diſtance 4 C about the Center A, will 
by Prop. 3. B. 2 of Theod.) touch CG D within, 
nd therefore will rightly repreſent the Moon 
going on in its proper Way, as ſoon as it is all 
mmers'd into the Shadow GCD. To find the 
Point of Time when the Center of the Moon is 
nA, you have given in the Rectangular Triangle 
110, the fide OL (by Prop. 35.) and O 4, 
ich by conſtruction is equal to the difference 
ff the Semidiameters of the Moon and of the 
Shadow); therefore the Are 4 L of the Moon's 
Iiiz Way 
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Way to be run thro by the Moon's motion 4- 
bove that of the Sun, (from the time that the 
whole Moon is immers'd into the Shadow, un. 
til the middle of the Eclipſe ) will be known, 
Therefore from knowing the motion of the 
Moon from the Sun agreeable to a certain Time, 
(viz. an Hour,) at the time of the Eclipſe, you 
will know what Time muſt be taken up thai 
the Moon (by the exceſs of its motion above 
that of the Sun) may run thro' the Arc AL 
that is half the duration of the whole Darkneß 
But by the foregoing Prop. the moment of the 

middle Eclipſe is known, whence the Begir 
ning and End of the total immerſion of the 
Moon into the ſhadow of the Earth, will be 
known. 2. E. F. 3 . 


SCHOLIUM. 
In the trigonometrical reſolution of the Tu 
angles O L, AL O, BLO, as alſo of the Fi 
gures L1la, AL ae, in the foregoing Prop. th 
may be look d upon as Rectilineal, (which all 
often happens) by reaſon of the ſhortneſs df 
the ſides ; For fo ſmall a Portion of a Spherical 
ſurface may ſafely be look d upon as Plane. 


ProPosITION XXXIX. 

No define the Quantity of an Eclipſe happening oi 

a given Month, as well in its middle a 

any other Time. [Fig. 36.] | | 
Things being as before, the Figure repreſent 
ing the Moon's Eclipſe, which happens a lit 1 
after ic has paſs d the defcending Node, we mull 
find the quantity of a middle or mean parti 
Eclipſe. Let the Diſc of the Moon in the mid 
dle of the Eclipſe drawn about the Center ( Up 
(already often determin d) cut the Right lin 
* nd, N 7 
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OR at the Point M. Having then, (in parts of 
a great Circle in the Celeſtial Sphere) OR, the 
Semidiameter of the Shadow, and by Prop. 35. 
found the Arc O L, which is the leaſt diſtance: 
of the Center of the Moon from the Center of 
the Shadow in the ſame Parts; you will have 
(by Exc. Dat. 4.) L R, the difference of thoſe 
Arcs: But L , the Moon's Semidiameter is 
is given; whence (by Dat. 3.) MR, the ſum of 
them is alſo given in the ſame parts; and there- 
fore (by Dat. 1.) the ratio to the Moon's whole 
Diameter MH, alſo known in parts of a Circle: 
And MR is part of the Diameter of the Moon 
darkned in a mean Eclipſe ; therefore the ratio 
of the darkned Parts Diameter to the whole Di- 
ameter is given, and conſequently the number 
of Twelfths and parts of Twelfths of the dark- 
ned Diameter. | | 

After the ſame manner may be found the 


ö. Quantity of an Eclipſe for a given Time, ſeen 
wn either before or after the true Full-Moon. Ha- 
" ing by the foregoing method found the Moon's 


Whorary Motion from the Sun, the Arc of the 
Moon's diſtance from the Point P will be deter- 
win d, in which Point the true Full-Moon. is. 
et it be PS; therefore the place of the Moon's 
enter for the given Time is S. Draw the 
\rc OS, meeting with the Moon's Diſc at 14 
Ind E, and the Circle CDG at R. In the Tri- 

angle U OP, you have beſides the Right Angle 
en O, the U 0, and the Angle O P; whence 
en ou will find the fide O P (already defin'd) and 

ie Angle 0 P 99. Again, in the Triangle 
"OP? S, you have the two fides PO, PS; and 
DPS, the Angle which they contain; whence 
you will alſo have the. Arc OS, and conſe- 
„ently the difference between it and the known 
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Arc SM, namely O M: But O R is given, and 
conſequently MR the difference of O R, O M 
and all theſe in parts of a Circle as before; and 
therefore, as in the foregoing caſe, the Quan- 
tity of the Eclipſe in Iwelfths and parts of 
Twelfths. | | 

If MR exceeds the Moon's whole Diameter 
(Fig. 37.) the Eclipſe ſaid to be of ſo many Dj. 

its as MR contains 1aths of the Moon's Dia. 
meter; but improperly, becauſe ſtrictly ſpeak. 
ing, the Moon cannot be Eclipſed more Digit 
than its Diameter contains; but MR is made 
I up of the Moon's Semidiameter MS and $R, 
the leaſt diſtance of the Center & from C DG 

the margin of the Shadow, which (by Elen. 

Spheric,) is an Arc of a great Circle joining tl; 

Centers O and S. — — 


COROLLARTI. 

Hence may eaſily be determin'd the Place 

of the Earth, from which a given Phaſis of th 
- Moon's Eclipſe may be ſeen. For ſince by th 
Prop. the Place of the Eclips d Moon for tha 
Phaſis is given, and the Hour is a given Pla 
of rhe Earth; you will (by Corol. 36. B. 2.) hav 
that Place of the Earth, to which the Mooon i 
Vertical, and all the Places, which are diſtan 
from it leſs than a quarter of a Circle, will ſe 
it; thoſe which are farther diſtant, will not ſe 
= it; thoſe which are juſt at the diſtance of 
Quadrant, will ſee it in the Horizon. 


EORULLARD 3, 


By help of the three laſt Propoſitions you maj 
exactly draw a Scheme of the Moon's Eclip! 
upon a Plane. For fince ſo ſmall a part of th 
Heaven of the Moon, as the Shadow (or oa 


— — — — 
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the Penumbra) of the Earth, together with the 
Moon touching it at the beginning of the E- 
clipſe, may ſafely be taken for a Plane: Having 
drawn Right lines, which croſs one another in 
an Angle equal to that which the Way of the 
oon contains with the Ecliptic, repreſenting 
hoſe Circles, and the next Node by their con- 
ourſe; in the Right line which repreſents the 
clipric, take a Point diſtant from the common 
oncqurſe of the Right lines, ſo many equal 

parts Af any kind, as the parts (as for Example, 
Minutes) are of the Circle, which meaſure the 
Diſtance of the Center of the Shadow, or Point 
ppoſite to the Sun from the Node; on that 
enter deſcribe a Circle repreſenting the Earth's 
hadow, taking for the Semidiameter of it as ma- 
y of the equal parts taken before, as the Semi- 
iameter of the Shadow takes up Minutes in the 
eavens; drawing Right lines from that Cen- 
r perpendicular as well to the Ecliptic, as to 
ee Moon's Way, you will in the Moon's Way 

Wave the Points of the true Full-Moon, and of 
Wc middle Eclipſe. If with the ſame Center, 
dth within and without that Circle of Shadow, 
ou draw two other Circles diſtant from the 
rſt, by the ſpace of ſo many equal parts taken 
efore, as the Moon's apparent Semidiameter 
Be: Minutes; the interſections of thoſe Circles, 

With the Right line repreſenting the Moon's 

Way, will, in the Scheme, ſhew the Points in 
Mich the Moon's Center is, at the beginning 
dend of the Eclipſe, and of the total Obſcu- 
y. Moreover, as the horary Motion of the 


ph oon from the Sun, and the number of Hours 
of tl. Swen place, ar the time of the true Full- 
oon, and alſo of the Ecliptic, in its begin- 


ns, middle, and end, by the foregoing Pro- 
1114 polition; 


"2 
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poſition; the Right line, which repreſents the 
Moons Way, will be divided into Equal parts, 
which will be mark d by numbers which denote 
the Hours, reckond in a gn Flabication, in 
Which the Moon is in homologous Points of the 

Heaven. And the Phuſis of the Eclipſed Moon 

happening at any time, will be made 14 

ſible, if from a point in the Moon's Way, 

(mark'd with the number of the given Time) 

for your Center, you draw, with an Interval 
repreſenting the Moon's apparent Semidiameter, 

a Circle: This Circle, by that part which it 

has within the Circle repreſenting the Shadow, 
will repreſent the Eclips'd 'part of 'the Moon; 

and the part which ſtands ont of the Circle of 

Shadow, (if any part does reach out of it) 
will ſhew the enlighten'd part: Therefore the 
Ecliptical Digits ſhew themſelves, as alſo the 
Ratio between the whole Diſc of the Moon 

and its bright part (if it has any;) namely, the 

difference between the two Segments of ' the 
given Circles, which is evident from the dimen 
ſion of the Circle. | | 


{1 


at . 4 
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a 


Szcrion VIII. 
O the Sun's Eclipſe. 


T TAving thus ſpoken of the Lunar Eclipſe, 
we come now to the Solar one. And 

firſt we will ſpeak of it univerſally, and conſi- 
der the Moon's Shadow falling upon the Earth, 
, and how it might truly and properly be called 
it an Eclipſe of the Earth: For in this Eclipſe the 
, Eargydoes the ſame as the Moon in the Lunar E- 
T clipſe deſcribed above, and the Moon does in this 
of caſe, what the Earth did in that. Afterwards we 
wall conſider this Phænomenon of the Eclipſe of 
the Earth, as the Moon covers ſome part of the 
Sun from an Inhabitant of the Earth, immers'd 
in the Moon's Shadow and looking up to the 
Heavens, in which part the Sun appears to be 
Eclips d for that reaſon ; whence this Phæno- 
menon has been call d an Eclipſe of the Sun. 


PROPOSITION XL LEMMA. 


T F the apparent Diſtance between the Sun and the 
Moon, ſeen from the Center of the Earth, be e- 
qual to the Moon s horizontal Parallax ; and you en- 
creaſe it by the Sun's horizontal Parallax, it will be 
equal to the diſt ance between the Center of the Earth, 
and the Center of the Moon's Shadow, receiv d upon 
the Diſc of the Earth, ſeen from a Point where 4 
Right line joining the Centers of the Sun and Earth, 
meets with the Moon's Heaven : And proportionally, 
; — * of the Sun and Moon be greater or leſs. 
Fig. 38. . 
"Lhe id Earth's Center be 7, the Sun's S, T'S 
8 Right line joyning the Center of the Sun and 
- Earth, 
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Earth, DT a perpendicular to the Diſc of the 
Earth, meeting the Moon's Heaven at M. Let 
NL be the Moon's Orbit, in which L is the 
Moon; & M the Ecliptic; LM the apparent 
diſtance of the Sun and Moon, ſeen from 7, 
equal to the Moon's horizontal Parallax. Let 
SL be drawn and produc'd, till it meets with 
the Earth's Diſc DT at V, where the Center of 
the Moon's Shadow, receiv'd upon the Diſc of | 
the Earth, is. I ſay that the Angle TA is 
equal to ST L, which is the Sum of the appa- 
rent diſtance of the Sun and Moon, and the 
Sun's horizontal Parallax. Draw LR parallel 
to MT, and join MR. Becauſe the Angle 
T MV is equal to the Angles TMR and RMV 
taken together, and the Angle MAR (by Prop. 29. 
El. .) is equal to LR M, that is, (upon account 
of the nearneſs of the Points R and 7) LTM 
and RM (for the ſame reaſon / is equal to R LV, 
or (by Prop. 29. El. I.) to LSM; TM will be 
equal to the Angles LTM and LS M taken to- 
gether. Moreover, becauſe the Angle LT M 
is ſuppos'd equal to the Moon's horizontal Pa- 
rallaxis, and L the Moon; the diſtance of the 
Points L and M will be equal to the Earth's Se- 
midiameter ; (for the Moon's horizontal Paral- 
lax is the Angle under which the Earth's Semi- 
diameter is ſeen, at a diſtance equal to the di- 
ſtance of the Earth and the Moon) therefore 
the Angle LS Mis nearly the Sun's horizontal 
Parallax (namely, the Angle under which the 
Earth's Semidiameter appears at the diſtance of 
the Sun from the Earth, that is, almoſt at the 
diſtance of the Sun and Moon) and the Angle 
LTM is the Diſtance of the Sun and Moon ſeen 
from the Center of the Earth. And therefore 
the Angle TMV is equal to the diſtance of 40 

1 | , dun 
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Sun and Moon, ſeen from the Center of the 
Earth, together with the Sun's horizontal Paral- 
laxis. | 
After the ſame manner, if the Arc LM be 
equal to half, or one and a half, or twice the 
Moon's horizontal Parallaxis; the Angle TA 
will be equal to LT M, and a half, or one and 


a half, or twice the Sun's horizontal Parallaxis. 
2. E. D. 


ProPosITION XII. 


O determine whether the Neu- Moon of a Month 

ſhall he Ecliptical, that is, whether in any part 
of the Earth the Sun will appear to be partially or to- 
tally Eclip d; and if there is to be an Eclipſe, to de- 
termine its kind. | Fig. 39.] 

Let DCG repreſent the Earth, in which the 
Poles of the Diurnal Revolution are P, and the 
latent Point oppoſite to it. Let the Hemiſphere 
in the Figure, be that which is enlighten'd b 
the Sun ; and therefore the Circle DC G, whoſe 
Center is 7, will divide the enlighten'd from the 
darken'd Hemiſphere, whoſe Plane is the Diſc 
of the Earth. Let the Shadow of the Moon, 
caus d by the Sun, be ſuppos'd to fall on the 
Plane of the Diſc of the Earth: The Figure of the 
Shadow ſo receiv'd will be circular, as HM ha- 
ving for its Center; becauſe the penumbrous 
Cone is right, and its Axis nearly perpendicular 
w the Plane of the Diſc; for we ſpeak of ſuch 
a caſe as is but very little diſtant from 7, be- 
cauſe it is only in that caſe that the Moon's Sha- 
dow can reach the Earth; that is, that ſome ſort 
of Eclipſe of the Sun may happen. In the Cen- 
ter of it there is a little Circle altogether dark 
if the Moon's total Shadow reaches ſo far: The 
ſemaining Crown round about is penumbrous 

bad AR or 
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or almoſt dark, thoſe parts of it being darkeſt 
which are neareſt to the aforeſaid ſmall Circle, 
by Prop. 34. It is plain, that if the Penumbra 
does not touch the Earth, there will not be an 
Eclipſe in any part of the Earth: If ſome part 
of the Earth be immers'd in the Penumbra, it 
will (properly ſpeaking, as we faid before, of 
the Moon) ſuffer ſome Eclipſe; or the Sun will, 
by reaſon of the Interpoſition of the Moon, 
appear to be Eclips d, ta the Inhabitants of that 
Tra& of Land. But it is plain, that the Sha- 
dow reaches the Earth, if the Circle HA cuts 
the Circle DCG; otherwiſe it does not, becauſe 
DCG is a great Circle of the Earth. 

Now, to know if, on the New Moon of 2 
given Month, the Circle HM will cut the Cir- 
cle DCG, you muſt ſuppoſe that Hemiſphere of 
the Earth which is enlighten'd by the Sun, and 
the penumbrous Circle to be ſeen from an Eye 

lac'd above, in that Point, where the Right 
line joining the Sun's and the Earth's Centers, 
meets with the Heaven of the Moon ; in which 
caſe that Hemiſphere, tho' it be convex, will 
appear as the Plane of a Diſc, as it happens 
when we look at the Moon, the diſtance of the 
Eye naturally taking off the Convexity. The 
Ecliptic, upon the ſame account, will appear 
like a Right line, viz. & TK, when the Eye hap- 
pens to be in its Plane: And becauſe the Eye i 
but a little way off from the Plane of th 
Moon's Orbit, the Moon's Orbit, receiv'd upon 
the Diſc, or rather the Way of the Center of 

the Circle of Shadow ; that is, the Line which 
ie deſcribes in that Plane of the Diſc of the 
Earth, will alſo be a Right line; namely, . 
From 7, the Center of the Earth, draw TV 
perpendicular to 81, and / will be the neareſt 


0 
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of all the Points of @1 to the Center of the Earth. 
Therefore if the penumbrous Circle HA does 
at all reach C DG, the Earth's Diſc, it will reach 
it when its Center is in /: For in any other 
Point theſe Circles are farther from each other. 
And for the ſame reaſon, if HM reaches CDG, 
it will moſt of all run into it when the Center 
of the penumbrous Circle is come to V. But it 
is plain that the Circle HM does not touch 
Dec, if when the Center of HM is come to V, 
VT exceeds TR and VM taken together: But 
(by the foregoing Prop.) when the Place of the 
Eye is ſuppos'd as above TV, it appears under an 
Angle equal to the Diſtance of, the Sun and the 
Moon, ſeen from the Center of the Earth, aug: 
mented by an Angle which is to the Sun's hori- 
zontal Parallax, as the ſaid Diſtance of the Lumi- 
naries to the Moon's horizontal Parallax; and 
TR appears to the ſame Eye under an Angle e- 
qual to the Moon's horizontal Parallax; and M 

(by Schol. Prop. 3 4.) is ſeen from it under an Angle 
h equal to the aggregate of the Semidiameters 
il of the Sun and Moon, ſeen from the Center of 
Ns the Earth: If therefore, when the Center of 
the penumbrous Circle is come to V, the diſtance 
of the Luminaries, ſeen from the Center of the 
Earth, augmented by an Angle which is to the 
Sun's horizontal Parallax as the ſaid Diſtance of 
the Luminaries is to the Moon's horizontal Pa- 
rallax, be greater than the aggregate of the 
Moon's horizontal Parallax, and the Semidiame- 
ters of the Luminaries; it is plain, that in ſuch a 
caſe there will notbe an Eclipſe of the Sun in a- 
ny part of the Earth. And as in the New-Moons, 
in which there is a - Suſpicion of an Eclipſe, or 
in thoſe in which H M touches DCG, the appa- 
rent Diſtance of the Luminaries is ſeſquialter 


(or 
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(or as + to 1) to the Moon's horizontal Parallax, 
(namely 7 Vis ſeſquialter to TR) when VM the 

Aggregate of the apparent mean Semidiameters 

of the Luminaries, is as it were ſubduple of T R, 
the Moon's Mean horizontal Parallax ; there 
will be no Eclipſe on the whole Earth, if the 
Center of the Circle HM, being come to /; 
the diſtance of the Luminaries, ſeen from the 
Center of the Earth, encreas'd by one and a 
half of the Suns horizontal Parallax, exceed; 
the Sum of the Sun's and Moon's Semidiameters, 
and the Moon's horizontal Parallax ; that is, if 
the diſtance of the Luminaries, ſeen frotn the 
Center of the Earth, exceeds the Sum of the Se- 
midiameters of the Luminaries, and the Moon's 
horizontal Parallax, once and a half the Sun's 
rallax being ſubducted from it. | 

And if that Diſtance be equal to this Sum, 
the Penumbra bruſhes againft 'the Earth, but 
will not fall upon it, neither will the Sun ap- 
pear Eclips'd to an Inhabitant of the Earth. 

Zut if the diſtance be lefs, that is, if when 
the Center of the Penumbra [Hg. 40.) is in 7, 
the diſtance of the Luminaries, Yon rom the 
Center of the Earth, wants of the Sum of their 
Semidiameters and the Moon's horizontal Pa- 
rallax, by the Quantity of once and a half the 
Sun's Parallax; that is, if 7 be leſs than TR 
and / M together, or the Circle HM cuts the 
Circle DCG (namely, in / and Z) and at the 
ſame time the little Circle which is quite dark 
in the Center of the Circle HM, either not 
touches at all, or does but juſt touch the Circle 
DCG; part of the Sun will ap Eclips d to 
thoſe that inhabit that part of the enlightned 
Hemiſphere, which is taken in by the Segment 
RZ M common to both Cireles, 1 

| 2 
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But becauſe the Semidiameter of this little 
dark Circle to an Eye poſited as before, appears 
under an Angle equal to the Semidiameter of the 
Moon, ſeen from the Earth's Center, the Sun's 
apparent Semidiameter from it being taken 
from it, by Scbol. Prop. 33. it is plain that this 
Circle (tho at /) will not reach the Diſc CDG, 
if the diſtance of the Luminaries, ſeen from 
the Center of the Earth, together with the 
Sun's horizontal Parallax (for in that caſe TY 
does not much exceed RT ) does exceed the 
Moon's horizontal Parallax and the Exceſs of 
the Moon's apparent Semidiameter above the 
Sun's apparent Semidiameter, or is equal to 
: them; that is, if the ſaid diſtance of the Lu- 
minaries exceeds the Semidiameter and horizon- 


dal Parallax of the Moon, taking from it the 
emidiameter and horizontal Parallax of the 
— Sun; or if it be equal to them: But if it wants 


of that Sum, then the whole Shadow will fall 
upon the Earth, and make a whole Eclipſe of 
the Sun to the Inhabitants of that Tract of the 


en Earth which it falls upon; but without any ſen- 
, ſible more or duration, becauſe this little Circle is 
the very ſmall, when the Moon's apparent Diameter 
eit I does but a little exceed the Sun's apparent Di- 
ci ameter, and therefore is commonly look'd upon 


as the Center of the Penumbra. Nay, ſome- 
times this Circle quite vaniſhes, when the Sun's 
apparent Diameter is greater than the Moon's 
parent Diameter. Now in either caſe, ſome 
dar place of the Earth has a total (or a central, tho' 
. not total) Eclipſe, when the Center of the Pe- 
, numbra being at the leaſt diſtance from the Cen- 
a 80 ter, the apparent diſtance of the Luminaries is 
ene” H equal to, or lefs than the Sum of their horizon- 
tal Parallaxes. | 


But | But 
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But the whole Penumbra of the Moon dark- 

ens the Earth, firſt when TV Fig. 41.) the leaſt 
diſtance of the Centers of the Earth and pe- 
numbrous Circle, that is, (by the foregoing 
Prop.) the leaſt apparent diſtance of the Lumi- 
naries half the Sun's horizontal Parallax being 
ſubtracted from it, (for / M is nearly equal to 
half R,) is equal to the difference of TR, H, 
or to the Pings of the Moon's horizontal Paral- 
lax above the ſum of the Semidiameters of the 
Luminaries. And if that Diſtance is leſs than 
this Exceſs, the whole Penumbra falls upon the 
Farth, all the Tra& of Land round about has 
no Eclipſe of the Sun. 

Tho the Moon's Shadow or Penumbra re- 
ceiy'd upon the Plane of the Diſc'be a Circle, 
yet on the Spheric ſurface of the Earth ( where 
it really falls) it is circumſcrib'd by a line not at 
all Circular, (unleſs it be when the Axis of the 
Cone of Shadow is extended thro the Center Wl a 
of the Earth,) and even not lying in the ſame by 
Plane; (of which kind of Lines P. Courſier wrote 6 
a {mall Treatiſe in the Year 1663.) which is al- na 
Jo true of the Shadow of the Earth receiv'd on il ha 
the Moon's ſpherical Surface. But in treating of A. 
the Moon's Eclipſe, there was no need of taking n 
notice of this, becauſe ys ſpherical Surface does 
not differ from a flat Piſc to an Obſerver on 
the Earth. But in the Earth, our Habitation, 
the thing is otherwiſe: For all the Spe&ators 
in the Earth which have an Eclipſe of the Sun 
of the ſame Quantity in the ſame moment of 
Time, lie under ſuch a line. Bur the decermi- 
nation of ir does not belong to this Place, nor 
indeed properly to Aſtronomy. 3 

But the neareſt diſtance between the Centers 
of the Luminaries near the New-Moon ow ner 
gs rom 
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from the Earth is to be found the ſame way 4s 
the neareſt diſtance betweeti the Centers of the 
Moon, and of the Shadow of the Earth niet 
the Frill-Moon, was found ih Prop. 35; namely, 
finding (by Prop. 41.) the Time of a true Con- 
junction, happening on a givert Month, viz: 
when the Moon is found in N, the Sun being at 
$, [ fg. 42. ] SN being drawn for 4 Circle 6f 
Latitude, and finding the Places of the — 4 
Nodes for the ſame Time, (of which & muſt 
neareſt to S) as alſo the Inclination of the Moo 
Orbit to the Ecliptic; upon which acedunt, in 
the Spherical Triangle g SN rectangulat at᷑ &, voti 
have given & $ the diſtance of the Node and th 
Sun, and the Angle , which is the Inclinatio 
of the Lunar Orbit to the Ecliptic; when 
you will find the Side SN and the Angle N. 
Again, in the Triangle S LN, (which, by rea- 
ſon of its ſmalliieſs, may be look'd upon 28 14 
Rilineal) beſides the Right Angle at L, (for S L, 
by conſtruction, is perpendicular to the Moons 
Orbit, therefore the next diſtance of the Lumi⸗ 
naries, namely, when the Mob is in L.) you 
have given the lately found Side S N, and” the 
Angle N; whence S L, the leaſt diſtance of the 
Luminaries, will be found, and alſo the Side 
NI, which will be of uſe afrerwatds: But you 
will readily find the Arc S L from the Tables or 
the Mooh's Latitude, by taking ir equal to the 
Moon's Latitude, when the Argument of the 
Latitude is equal to the Arc g S, the diſtance of 
the Sun frotri the Node, the teaſon of which 
we have ſhewn in the ſanie caſe, Prop. 35. 


COROLEART. 
Hence will be defin'd the Terms for afl man- 


ner of Eclipſes of the Sun, that happen in any 
K K part 
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art of the Earth. For if TV be leſs than the 
Sum of the Semidiameters of the Earth's Diſc, 
and the Moons Penumbra, there will only be a 
partial Eclipſe in ſome part of the Earth. If 
TV be lels than TR the Semidiameter of the 
Diſc, there will ſomewhere be a total Eclipſe 
of the Sun; at leaſt, a central one. Therefore 


4> 


the rectilineal Triangle N 7, which is de- 

(Eib'd in the Diſc of the Earth, having given, 
beſides the Right Angle at V, the Angle J f, 
and the Side /7, equal to the ſaid Sum of the 
Semidiameter,, you. will find the Side 8 /; 
namely, the diſtance of the Center of the Moon's 
enumbra from the next Node, and of the 
Moon from the oppoſite Node; which being 
ſuch, at the Time of the true New-Moon, the 
Penumbra will go by the Earth without touch- 
ing it: But if, at the ſaid moment of the New- 
505. the diſtance from the neareſt Node be 
lefs than the above found Arc &7, the Moon 
Penumbra will involve ſome Tract of the Earth, 
and the Sun will appear under ſome ſort of E 
clipſe, to the Inhabitants of that Tract. Aſtet 
the ſame manner will the Terms be defin'd for 
2 central Eclipſe of the Sun, happening ſome- 
where in the Earth, by taking the Semidiameter 
of the Diſc itſelf, inſtead. of the Sum of the Se. 
midiameters of the Diſc and Penumbra, as was 
before new. But by reaſon of the ſmallneſ 
of the Angle at , and of the Sides of the Tri- 
angles NZ, TN differs but very little from 
TV: Whence they will nearly be the Terms for 
the Sun's Eclipſe, whether total or of any kind 
happening in any place; namely, the diſtances The 
of the Moon from the next Node, when at the 
Time of the true New-Moon the Latitude is 
equal either to the Sum of the Semi diameter: Way 

. | * ol 
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df the Luminaries and the Mooti's horizontal 
Parallax taking from̃ it onee and a half the Suns 
horizontal Parallax, or to the difference of the 
Sun's and Moos horizontal Parallazes: 
Prorogrtton XIII. 


T 0 define the Time of the Beginning; Middlzj 
and End, as well F every Eclipſe, or leſſe#i* 


ing of Li 7 udon account of the Moon's Penumbra; 


as of a total Eclipſe of the Sun; happening in any pati 
of the Globe of 2 Earth, upon 4 1 W pd 
thence to determine their Duration. ¶ Fig. 43. 
Let DCG be the Diſe of the Earth deſcrib 

about the Center 7, ſeen from a Point of 4 
Right line joining the Centers of the Earth arid 
Sun, where it meets with the Heaven of the 
Moon. Let the common Interſectio of its 
Diſc and the Plane of the Ecliptic be the Right 
line K; and 7 N perpendicular to it will bs 
the common Section of the Plates of the Cir- 
cle of Latitude, and of the Diſc of the Earth, 
in which the Point N is; where the eommoti 
Interſection of the Moon's Orbit, and the Plane 
of the Diſc, or the Projection of the Moofi's Or- 
bit on the Plane of the Diſc, cuts the ſaid Cirele 
of Latitude. When we ſuppoſe the Eye ſeeing 
this Eclipſe of the Earth plac'd in a Right line, 
which joins the Centers of the Sun and the 
Earth, it is plain that it will move togethef with 
the Sun; and therefore that it will fee the Cen- 
ter of the Moon's Penumbra; deſcribing upon 
the Diſe of the Earth that Way from the Sun, 
of which we have amply treated iti Prop. 36. 
Therefore let the Right line / N be conceived 
to be drawn thro' N, making with TN Angles 
on each fide equal to thoſe which the Moon 
Way from the Sun makes wich the Cirele of 
KKR 2 L#- 
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612 The ELEMENTS: Book IV; 
Latitude at the time of the true New- Moon; 
and let this way of the Moon from the Sun, 
defin'd for the New. Moon or Mean Eclipſe, be 
ſuppos dito continue during the whole Eclipſe ; 
which indeed nearly happens: But if we wou'd 
go on more exactly, we muſt draw it a new in 
other Diſtances of the Moon from the Node. 
From 7 draw T / perpendicular to I; and V 
will be the Point, to which, when the Center 
of the Moon's Penumbra is come, it will be the 
leaſt diſtant of any from the Center of the 
Diſc, and run upon the Earth moſt of any; as 
has been ſhewn in the foregoing Prop. More- 
over (from Prop. 3. El. 3.) V is allo the middle 
of that part of the Right line & /, which lies in 
the Circle DCG, or any other concentric to it; 
and therefore it is ſuch, that the Center of the 
Penumbra is found in it in the middle of any 
Eclipſe of the Earth, which laſts as long as the 
Center of the Penumbra is in running thro' the 
Right line AB, ſuppoſing IA to exceed TR by 
the Exceſs AC, equal to the Semidiameter of the 
penumbrous Circle; and alfo ſuch as the Cen- 
ter of the Penumbra may be found in it in the 
middle time, that the Center of the Penumbra 
going thro the Right line E F, produces the total 
and central Eclipſe of the Sun in ſome part of the 
Earth. Therefore the Problem comes to this, that 
the Point of Time be determin'd when the Cen- 
ter of the Penumbra is found in 7. For doing of 
which, find (by Prop. 3 1.) the Time of the true 
Conjunction, which is in N; and when in the 
Triangle 7 / N, beſides the Right Angle at /, 
you have the Side T N, and (by Prop, 36.) the 
Angle TM., you will find NV in the ſame parts in 
which TNor TR is given; that is, it will be known 
what Angle at the Eye is ſubtended by * 
4 ©: ut 
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But from the given horary Motion of the Sun 
and Moon, the Moon's horary Motion fromthe 
Sun is given, or the Are which the Moon, go- 
ing from the Sun, runs thro' in the ſpace of an 
Hour, that is, the Time neceſſary for the Moon 
to move from the Sun, thro a given Arc; 
therefore the Time will be known which is re- 
uir'd for the Moon to move from the Sun thro' 
ubtending an Angle ſubtended by the Right line 
N, that is, that the Center of the Lunar Pe- 
numbra may run thro” the Right line NV upon 
the Diſc of the Earth; that is, laſtly, the Time 
between the moment of the true Conjunction, 
and the moment of the middle of the Eclipſe, 
in reſpect of the whole Earth; therefore the 
firſt being given, the laſt will alſo be given: For 
the moment of the Sun's Mean Eclipſe, (or of 
> ebe middle of the Eclipſe) in reſpect of the 
whole Earth, and alſo that of the Moon's Mean 
Eclipſe, goes before the true Conjuction, when 
the Sun and the Moon have juſt paſs'd either of 
he Nodes, but follows it when the Luminaries 
are not yet come to the Nodes. To find this 
ime more readily we muſt make uſe of the 
ables of the Time berween the true Syzygy 
and the greateſt approximation'of the Centers 
f the Diſc and of the Shadow, of which we 
Ipoke in Prop. 37. 811 
Now having found the Time of a Mean E- 
lipſe, it will be eaſy to define the Beginning 
and the End of every ſort of Eclipſe, or the 
moments when the Moon's Penumbra firſt 


_ omes at, and laſt of all leaves the Diſc of the 
ein arth. For in the rectangular Triangle 7/4 
don Pou have given the Sides T /, TA, the firſt o 


u. hem before found, and the laſt made up of the 
But Pemidiameters of the Diſc and of the Penum- 
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614 The BraxenTs Bock IV. 
bra befors determin'd ; and therefore 4 / will 
be given, and thence as before, from the Moon's 
horary Motion from the Sun you will find the 
Time requir'd for the Penumbra's Center to run 
over it; that is, half the Duration of every 
kind of Eclipſe; and as the moment of the 
Mean Eclipſe is given, the Begipning and End 
of it are known, | The Semi- mora or half the 
Duration of the whole Penumbra in the Diſc 
of the Earth, will likewiſe be found, if inſtead 
of TA the Sum of the Semidiameters of the 
Diſc and of the Penumbra, you take their Dif- 
ference, juſt after the ſame manner as it is done 
in the total Immerſion of the Moon in the 
Ts Shadow in: toral Eclipſes of the Moon, 
- . Byt the Semi- mora of the Center of the pe- 
numbra between the Earth's Diſc (or of the 
whole: Shadow, which, as it is always fleg- 
der, ſometimes none at all, is look d upon as a 
Center) is found by inveſtigating E/ from the 
given Lines T E, Ty, and the time requir d for 
the Center of the Moons Shadow to go over 
it, as before. But becauſe the Moment of the 
mean. or middle of the Eclipſe, and half thy 
Puration of the Center within the Diſc are 
known, the Time will alſo be known when the 
whole Shadow comes at or leaves the Earth; 
that is, when the Sun's total Eclipſe begins 0. 
ends to an Inhabitant of the Earth. - 


COROLLARY. 

Hence you have all the Angles of the reRilins- = 

al Triangles ATN, ETN, VTN, FTN, and 
BTN, and from hence alſo ſuch a Scheme of the ur 

_ Eclipſe of the Diſc of the Earth, as this which 7 
we talk of, will be exactly deſcribed upon 4 0 a 
Plane; as was done of the Moon's Eclipſe, g 
ww” | Corol. 
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Corol. 2. Prop. 39: For the 43d Figure is the ve - 
ry Scheme requir d; therefore that Scheme will 
be rightly drawn. And as it is known what 
parts of the Right line &1 the Center of the 
Moon's Shadow will go thro' in the Space of 
an Hour, and what a Clock it is in a given place, 
when the ſaid Center is at Nor or any other 
Point given in & ]; it is plain that if we aſcribe 
to the Points of this Line rightly drawn, the 
Numbers by which the Hours are expreſs'd in a 
given Place, the Scheme requir'd will be per- 
fect for a given Place. ; _ 


PrxorosITION XIIII. 


O determine the Quantity of a Solar Eclipſe in 
reſpect of a Spectator upon the Earth within 
the Bl che penumbrous Circle, which is a Section of the 
en: Moon's Penumbra by the Diſc of the Earth, when 
5 18 the ſaid Penumbra is in a given Place, [Fig. 44.] 
the Let E FG be a Circle dividing the Hemiſphere 
tor of che Earth, which is enlighten'd by the Sun 
Vet from the darken'd one, whoſe Plane therefore 
the is the ſame with the Plane of the Diſc menti- 
nel oned before. Let KT repreſent the Ecliptic 
are BY on this Plane; I N'Þ the Way of the Center of 
the the Moon's Penumbra ; N the Point to which 
th when the Center of the Penumbra is come, 
15 ei there is a true New-Moon. Let A be put for 
the Center of this Penumbra, at a certain Point 
of time when the Shadow goes thro' the Right- 
line IV, and the Penumbrous Circle A AX; 
AN will be that part of the Journey of the Pe- 
f chef numbra which will be perform'd between that 
we point of Time and the moment of the true 
Conjuction, which will happen when that Cen- 
ter will be come to N. Let us ſuppoſe the Ob- 
ſerver plac d within this Circle as at O, or ra- 
K K K 4 ther 
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ther in a Point of the enlighten'd Hemiſpherical 
Surface, which is ſhewn by a Right line let fall 
from O perpendicular to the Plane of the. Diſc; 
and we muſt find what part of the Sun's Diame- 
ter is cover d from the foreſaid Obſerver. Let the 
Right line 40 be drawn and produc'd till it 
meets with the Circle M.9 X at M; I ſay that 
that part of the Sun's Diameter which is cover'd 
by the Moon is to the whole Diameter as OM 
to AM. For if the Obſerver was at 24, the 
Moon wop'd cover no part at all of the Sun's 
Diameter from it ; but as the Obſerver goes gra- 
dually towards 4 the Center of the Penumbra, 
a greater and greater part of the Sun's Dia- 
meter is cover d from it by the interpoſition of 
the Moan, till at laſt when it is. come to the 
Center 4, the whole Sun ( that is, its whole 
Diameter) is cover'd by it, if the Sun's apparent 
. — does not exceed the Moon's apparent 
iameter, (which I here ſuppoſe, and which 
commonly happens in their mean Magnitudes) 
and the Vertex of the total Shadow of the 
Moon reaches as far as the Earth, or the pe- 
numbraus Circle. © X has its Center perfect 
and totally dark: And therefore if the Sun 
Diameter be divided into Twelfth parts, . from 
the given Ratio between AM and OM, which 
is known from the given Situation of the Place 
between the Circle M9 X, you will have the 
Twelfths, or Digits, and parts of Digits of the 
Sun's darken d Diameter in reſpect to the Ob- 
ſerver. | ON | he 5 
But if to the Circle 4X9 (in the 244.4th 5g.) be 
concentric, the little Circle B 950 KK 
wholly dark, or not altogether dark, but more 
obſcure than the reſt and that equally ; that is, if 
the Center or Point of the Mogn's Shadow hey 
| eee Ther 
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ther extended beyond the Spectator, or falls ſhort 
of him, inſtead of AM you mult in the firſt caſe 
take BM, the Difference of the Semidiameters 
AM and AB; in the latter, C their Sum, 
viz. the Sun's whole Diameter is to jts parts 
cover'd by the Moon at O in the firſt caſe, as 
BM to OM, and in the latter caſe, as C M to 
OM. For in the firſt caſe the Spectator at B 
will ſee the whole Sun cover d by the Moon, 
in the latter, the Spectator, plac'd at A will ſee 
a bright Circle which is the remainder of the 
Sun's Diſc, encompaſling the dark Moon, like a 
Crown, whoſe apparent Latitude is equal to the 
Semidiameter of the Sun, when the Semidia- 
meter of the Moon is taken from it, which is 
he the ſame as the Semidiameter AB, ſeen from 
le WH the Moon; and the Spectator muſt be at C, to 

ſee the Margin of the Moon touch the inner 
Diſc of the Sun. Therefore the Quantity of 


ich the Sun's Eclipſe is determin'd in every caſe, 
les) 2. E. F. 8 | | 

h Lis | | 

— BrorosITION XIIV. 


* give an account of the chief Phænomena of a 
Solar Eclipſe, and to deſcribe the Places of the 
Earth where they will happen, whilſt. the Shadow of 
the Moon, in an Ecliptic New-Moon, goes along the 
Earth. [Fig. 45-] | 

e the Let CGD repreſent the Globe of the Earth, 
f the WW revolving from Weſt to Eaſt by its Diurnal Mo- 
> Ob- ¶ tion upon the Pole P and the other Pole whichiis 
| hid, or turning from C upwards towards G. Let 
g be ¶ the Hemiſphere of this Globe, ſeen in the Scheme, 
either ¶ be that which is enlighten'd by the Sun, therefore 
more ¶ the Sun will directly and perpendicularly ſhine 
t is, on the Circle C DG whoſe Pole is S. Thro' the 
be ei- Pole P and the Point S let PSR, an unmovable 


Circle 
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Circle be ſuppos'd drawn without the Earth's 
Surface, and alſo XS another, viz. the com- 
mon Section of the Plane of the Ecliptic with 
the Surface. of the Earth, ZS X another, at 
Right Angles to this, both theſe being alike 
fix'd, between which the Earth performs its Di- 
urnal Revolution. It is certain that it is Noon 
at every place of the Earth, when it is come to 
that half of the Circle PS R which is here viſi- 
ble, becauſe the Sun is in the Plane of it. Let 
As repreſent the Journey of the Center of the 
Moon's Penumbra, deſcribing the Track E NF 
en the Surface of the Earth: Tho the Hemi- 
ſphere of the Earth which is enlighten d by the 
Sun, and conſequently has Day, be ſuppos d to 
be rais d up above the Surface of the Scheme, 
yet the Way ABR is conceiv'd to be gone thro 
by the Center of the Penumbra, on the Plane 
of the Diſc, upon which the ſaid Hemiſphere 
ſtands. Moreover, tho PS R, RST, Z S, be 
Circles in the ſaid enlighten'd Hemiſphere, croſ- 
ſing one another in S, the Point directly under 
the Sun, they alſo repreſent thè Right lines 
upon the Diſc of the Earth, directly under theſe 
Circles, namely, thoſe which are the ortho- 
graphical Projection of theſe Circles, when 
the Eye is ſuppos'd in a diſtant Point of the 
Right line which joins the Centers of the Earth 
and Sun. 6 | 

It is plain, that when the Center of the 
1 is come to 4 (namely, when 
the penumbrous Circle touches the Diſc of the 
Earth in C) the Eclipſe of the Sun will begin 
to an Inhabitant at C: Now he that is at C by 
the Diurnal Revolution of the Earth, begins to 
enter the enlighten'd Hemiſphere ; that is, the 


Sun riſes to him; therefore to the Inhabitant 8 
N the 
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the Earth C, whom, firſt of any Inhabitant of 
the Earth, the Penumbra reaches, the riſing 
Sun will firſt of all appear to be Eclips'd in its 
Upper or Weſtern Limb or Edge. When the 
Center of the Penumbra it ſelf comes to the 
Earth at E, an Inhabitant at E fees the rifing 
Sun totally Eclips d, becauſe he is under the 
Center of the Penumbra. He that lives upon 
that Point of the Earth, where the whole Pe- 
numbra, receiv'd within the Diſc of the Earth, 
(if that happens) touches it within, will perceive 
an Eclipſe of the Sun to end at the lower Limb 
of the riſing Sun; So he which is in that Point, 
where the Penumbra does laſt of all touch the 
5 Diſc within, as it is ready to go out of it, will 
» Wl perceive the Eclipſe of the Sun to begin, as the 
Vun Sets. We have not expreſs d thoſe Two 
ne C aſes in the Figure, leſt we ſhou d make a con- 
e fuſion. | 1A 


be When the Center of the Penumbrous Circle 
of. Wis come to Z S &, which is a Right line perpen- 
Jer dicular to the Diſc of the Ecliptic, or when 
0 the Axis of the Moon's Penumbra is at N come 
\ofe 50 the Circle Z S A, which anſwers to the afore- 
no, bid Right line, it being the Diameter of it; a 
a Point of the Earth's Surface, which is under the 
che Point N of the Circle Z SX, has a Central E- 
Wr clipſe of the Sun, and to a Spectatotr at Nor a- 


ny other Point of the Circle Z S & the Sun ap- 
; the I Fears in the higheſt Point above the Horizon. 

For ſince, by ſuppoſition, the Circle Z X goes 
thro' the Zenith of the SpeRator, it will be per- 
pendicular to this Horizon: Bur it is alſo per- 
pendicular to the Ecliptic at S; and therefore 
(by Elem. Spheric.) is a whole Quadrant diſtane 
from the ſaid concourſe of the Ecliptic and the 
Horizon. But half the Ecliptic (becauſe it is a 


great 


* K * < 4 * 
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great Circle) is above any Horizon, whence 
ZX meets with the Ecliptic in a Point diſtant 
from the Eaſt Point a whole Quadrant, or 
the higheſt Point. Therefore an Inhabitant 
of the Earth which is then at the Point of the 
Earth's Surface at N, ſees the Sun centrally E- 
clips d at the goth Degree: But he that lives 
from N towards Z or X, but in the Circle Z S x, 
does indeed fee the Sun Eclips'd at its goth De- 
gree, if he dwells within the Limits of the pe- 
numbrous Circle ; but more or leſs according to 
his greater or leſs diſtance from N, as has been 
ſhewn in the foregoing Propoſition. Likewiſe 
when the Center of the Penumbra comes to the 
unmovable Circle PS R at M, an Inhabitant of 
the Earth, which is under it, ſees the Sun E- 
clips d juſt at Noon: But thoſe that live from 
M towards either Pole under the ſaid Meridian 
PR, ſee the Sun at Noon in a Partial Eclipſe, 
if they are within the Limits of the Penumbra, 
And he that is remov'd from MA towards the 
North Pole P, ſees the Sun's Southern part E- 
clips d, and ſo on the contrary ; which alfo hap- 
pens in the firſt caſe, and univerſally in all caſes. 
At laſt the Center of the Penumbra being come 
to F the end of the Diſc, the Spectator which 
at the ſame time is at that Point, ſees the ſetting 
Sun ( becauſe being ready to change Day for 
Night, he goes out of the enlighten'd into the 
darkned Hemiſphere ) centrally Eclips'd. But 
he that, being at D, receives the laſt Stroke of 
the Moon's Penumbra, ſees the ſetting Sun as 
it were contiguous to the Moon in its upper 
Limb, and the end of the Eclipſe, be it of what 
kind it will. 


PRo- 
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ProposITION XLV. 

0 determine the Place of the Earth (that is, its 

Longitude and Latitude) where the riſmg Sun 
appears to be Eclips'd in its upper Limb. | Fig. 46.] 

Things being. as before, the Longicude and 
Latitude of the Point C 1s to be determin'd. 
Let the great Circle SC, which, in this as well 
as in the foregoing Figure, appears as a Right 
line, be drawn thro the Point of the Earth S, 
to which the Sun is perpendicular, and thro” 
the Point C. Draw alſo PC, PZ Arcs of great 
Circles. In the Spherical Triangle PS Z, you 
have three Sides given, wiz. PS, the diſtance 
of the Sun from the CN? Pole, SZ, a 
8 and PS, the diſtance of Z, the Pole 
of the Ecliptic (becauſe the Are S Z is perpen- 
m Wl dicular to the Ecliptic KS and extended to a 
an Quadrant) from P the Pole of the Equator ; 
ſe, Wherefore the Spherical Angle between the Arcs 
SP, SZ, is known, being the ſame with the 
rectilineal Angle between the Right lines SP, 
$Z drawn in the Plane of the Diſc ; as general- 
ly the Angle in the Surface of a Sphere, is equal. 
to a rectilineal Angle, which the common Se- 


2me tions of the Planes of Circles, comprehending 
nich Wa Spherical Angle, make on a Plane perpendi- 
ting cular to both of them. Moreover (by Corol. 
7 for Pr. 42.) the rectilineal Angle NS A and ZSC 


5 the Non the other Side of it are given, and therefore 
But Walſo PSC the Sum or Difference of it and of 
ke of Z SP, or the Spherical Angle on the Surface 
of the Earth, comprehended by the Circles 
SP, SC: Now in the Spherical Triangle PCS 
beſides the Angle PSC lately found, you have 
the Sides SP, SC, of which the laſt is a Qua- 
irant, and the firſt the diſtance of the * C 
rom 


P g0- 
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from the Pole P, that is, the Complement of its 
Latitude; therefore the Angle SPC will alſo be 
given, in this Triangle. But (by Prop. 42.) the 
Time is given when the Moon's Penumbra firſt 
touches the Diſe of the Earth at C, reckon'd in 
fome dererminate Place: Let this Plaee be H, 
' whoſe Meridian is PH; therefore the Angle 
SP Hwill be given, namely, that by which the 
Sun has already paſs d the Meridian, or is ſhort 
of it. Therefore HPC, the Sum or Difference 
of the Angles CPS, HPS, will be given, which 
HPC is the Difference of the Meridians of the 
Place C, and the given Place H. Therefore : 
the Longirude and Latitude of the Place is found. f 
on may after the ſame manner find a Place, 
where the Setting Sun is Eclips'd in its upper 
= which the Moon's Penumbra leaves aff 
of any. A a 


PRO POSITION XLVI. 


O determine what Plate in the Earth is undr 
1 the Center of the Moon i Penumbra at a give 
Hour, or in which the Sun is centrally Eclips'd ati 
given Time, | Fig. 47.] 4 3 
hings remaining as before, ſince the Plact 
where the Sun appears centrally Eclips d is re. 
quir'd, and the Time of ſuch an clipfo is given, 
as well as the Time of the true Conjunction ig 
by Prop. 31. this Interval is given, and therefore: 
from the Sun and Moon's Horary Motion, the 
Moon's Motion from the Sun, agreeable to tha 
Interval, is alſo given. Whence it happens 
chat in the rectilineal Triangle SN A, defcribedg.. 
in the Earth's Diſc, you have (by Prop. 36.) tha. 
Angle S NA equal to the Angle comprehendeq 
between the Circle of Latitude and the Way 0 


. 9 2 
* 2 * 5 = 
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the Shadow, the Side SN Sine of the Moon's 
Latitude in the true Conjunction, and A N the 
Motion of the Center of the Penumbra agree 
able to the Interval beten the propos d Time 
and the Time of the true Conjunction; there- 
fore the Side $ 4, and the Angle 48 N will be 
given, or its Complement to two Right Angles: 
But Z SP is given (as was ſhewn in the forego- 
ing Prop.) therefore you will alſo have the recti- 
lineal Angle PSA, and the Spherical Angle upon 
theEarth's Surface PSA which is equal to it. You 
have alſo the two Sides S4, SP of the Spherical 
Triangle PS A, this laſt equal to the Sun's 
Diſtance from the Pole P, and the firſt will be 
found after the following manner: To the 
Right lines SC, SA, drawn on the Plane of the 
Diſc, anſwer upon the Spherical Surface Two 
Arcs beginning from the Point $, which is di- 
realy under the Sun, of which SC is a 
drant, S A is an Arc, whoſe Right Sine is the 
Right line $.4; therefore the Aro $A fide of 
the Triangle PS A, is that whoſe Sine is to the 
16 Wl whole Sine as the given Right line $A is to the 
d given SC; and therefore the Arc S A is known. 
Therefore in the Triangle PSA you will know 
PA the Complemene of the requir d Latitude of 


ae the Place 4, and alſo the Angle 8 PA. But ſince 
1 0 the Time is given, as reckon d in the determi- 
Wen, 


nate Place H, the Angle SPH is given; there- 
Wore you will alſo have the Angle H PA, which 

is the Difference of the Meridians of the deter- 
min'd Place H and of the requir'd Place 4. 

You may after the ſame manner find the 
1 of the Earth, where 55 3 8 E- 
cCipſe happens in the goth Degree of the Ecli 
m rom 155 Eaſt. We ing 3 

ede 44> Prop. that that happens to him who by 
the 
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the Earth's Diurnal revolution is brought to N, 
when the Center of the Moon's Penumbra falls 
on that Point: And we have ſhewnin Prop. 3 1. the 
Time number d in the Place H when this hap. 
pens, (for it is the ſame with the time of the 
true Conjunction of the Luminaries ; ) therefore 
this is only a particular caſe of the foregoing 
P roblem. | 


| SCHOLIUM. 

Hence therefore is defin'd that Trac of Earth; 
which the Center of the Moon's Penumbra goes 
thro” in the Solar Eclipſe of a given Month; t 
that is, all the Places which have ſucceſſively a | 
central Eclipſe of the Sun. If (by Prop. 46.) 
you would know in what Place of the Earth the 
riſing Sun is centrally Eclips'd, and then ano- 
ther Place where it is centrally: Eclips d half an 
Hour or an Hour after, and fo on till you come 
to the Place where the Sun is Eclipſed after the 
ſame manner as it ſets ; thoſe Places join d by 
a Line or Lines on the Earth's Surface will ſhew 
that requir'd Trac. If on either ſide about this 
Line you draw as it were a Zone whoſe breadth 
is equal to the Diameter of the Moon's Penum- 
bra; the whole Tract of the Earth involv'd in 
the Penumbra which can have any Eclipſe of 
the Sun will be taken in. In that Tract may 
be mark'd the Places where the chief Phaſes 
are, as where the Sun is Eclips'd in the go#l 
Degree, and where in the Meridian, &c. 


— 


PRO. 
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_ P&orostrion NIVI. 
T 0 determine the Place in the Earth's Surfacty' 
where..the Eclipſe of the Sun is either Total of 
Central, or where a given part of its Diameter tos 
wards a gi ven Pole; will be bid by the Moon juſt at 
Noon. | Fig. 48.} 1 5 n 24 
Things remaining as before, it appears, that 
that Point of the Earth which comes to A4, to- 
ether with the Center of the Moon's Penum⸗ 
ra, will have an Eelipſe of the Sun juſt at 
Noon. In order to find it out, let it be obſery'd, 
that in the rectilineal Triangle NMS, in the 
Diſc deſerib'd as before, you have given ( by 
Prop. 36.) the Angle S NM, (namely, that 
which the Way of the Moon from the Sun eofi⸗ 
tains with the Circle of Latitude) Ns the Dis 
ſtance of the Centers of the Diſe and Pentim= 
bra, at the true Conjunction, and the Angts 
NSA 3 the Spherical Angle Z Sp in the 
Spherical Surface contain d between the cons 
courſe at the Sun, of SZ and PSR, which ans 
ſwer to the Eeliptic and the Æquator; whetice 
you will have the Right line NAH, and therefore 
the time requir d for the Center of the Pentittis 
bra to go thro' it in its Motion from the Sun : 
But the time reekon d in a given Place, is given, 
in which that Center is in that Point V, name⸗ 
ly, the fame with the Time of the true Con- 
function of the Luminaries ; therefote alſo the 
Time number'd in the ſaid Place will be given, 
when the: Center of the Penumbra is in A. 
Find therefore by the foregoing 9 that Places 
of the Earth which at that time will fee the Sun 
in a central Eclipſe; and it will be the ſame 
n which the Sun is centrally Eclips d at Noon. 


L1! Suppoſe 
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-- Suppoſe that about the Center A, in the 
Plane of the Diſc, there is deſcrib'd a penum- 
brous Circle, cutting the Right line PSR at c 
and D; then, as the Sun's whole apparent Di- 
ameter is to a given part of it, Which is not E. 
clips d in the Place requir d, fo let the Semidi- 
ameter of the Penumbra be to 440, and let 
MO be taken towards the Pole oppoſite to it on 
that ſide where the Eclipsd part of the Sun is, 
(as for example, if the Sun's Eclips'd part lies 
towards the hidden Pole in Eg. 49. let O be ta. 
ken towards P, the Pole infight ; ) the Point on 
the Earth's Surface which a Right line drawn 
from O, perpendicular to the Plane of the Diſc 
ſhews, will be the Place requir'd, in which the 
Sun juſt at Noon, in a given part, is Eclipst 
towards the Pole oppoſite to P; as it is plain & 
nough from the 43d and 44th Propoſitions. I 
inſtead of the dark Center M, either the whol: 
Circle be totally dark, or there is altogether m 
total Shadow, but a Circle equally enlighten 
(as in Schol. of Prop. 33.) inſtead of the Semidis 
meter MC you muſt take the Difference or the 
Sum of the Semidiameters of the Circle C P, aul 
another interior and concentric to it; as it ht 
been ſhewn in the ſaid 434 Prop. To find the Lat 

tude of that Place O, (forthe Longitude is known 
from knowing the Hour in a given Place, wheaMEai 
it is Noon to an Inhabitant at O) obſerve t 
the Right line S M is given, namely, a fide in ii 
Triangle S NM, alſo MO, each of them (an 
therefore their Sum or Difference) in parts 
S Z, the Semidiameter of the Diſc of the Eat 
therefore you will alſo have the Arc which 
over it in the Surface of the Earth, of whic 
SO is the Sine: But the Arc SP, wiz. the D 
ſtance of the Sun from the Pole, P is given ü an 
* 4 >» wt chere 


r 
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therefore the Arc PO will be known, 'and its 
Complement to the Quadraht of a Circle, is 
the Latitude of the Place O, which was re⸗ 
quir d. Q. E. Ff. e e 
If the Point O falls out of the Diſe of the 
Earth KZ Tx, the Problem is impoſſible. Af- 
ter the ſame manner may be determin d the 
Place where the Eclipſe of the Sun in its goth 
Degree, or of it riſing or ſetting, is of a given 
Quantity, or where the Sun upon a given Time; 
teckon'd in 2 given Place, is Eclips'd a determi- 
nate number of Digits. In the laſt caſe there 
are innumerable Places, but in each of the for- 
mer caſes, there are, at moſt bur two, whicli 
anſwer to what is'reguir'd. 1 
PRO rOSstT ION XL VIII. 
No determine whether there will be a viſible Ea 
elipſe in'a given Plate of the Earth, on the 
New4Meon of 4 given Month; and if there it ont; 
to determine the Time of the greateſt Obſcurity, and 
the Quantity of the Etlipſe. Fris 49.] RR 
We have hitherto conſider'd the Sun's Eclipſ. 
in reſpe& of the whole Earth, (or rather, pro- 
perly ſpeaking, the Eclipſe of the Earth,) as 
re did the Moon's before: Now we muſt con- 
now ider it as it is ſeen from a given Place of the 
wheaWEarchi's Surface. Since the time that Kepler gave 
e tha Aſtronomers the Moon's Shadow off the Earch's 
Pic, to be look d upon from the Lunat Hea- 
(auen, they have with emulation efdeavotired to 
arts Weduce an . of the Sun, viſible in 4 
EarthſWiven Place, and all the Phznortiena attending 
hich e from the farne Scheme of the Diſc of the 
whidFarth, over which the Moon's Penumbra paſſes: 
he DPut as this is done in a lefs Geometrical man- 
n; aner, (to which a Trigonometrical Calculation 
cher | Lil z cafi 
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tural one, and (as Mr. De la Hire, who makes 
uſe of it, confeſſes) ſomething more tedious; 
we, according to the example of Kepler him- 
ſelf, in the Rudolph. Tables (who certainly knew 
how far his Invention wou d reach) ſhall fol.ow 
another way, ſhewn by Prolemy,(in the 6th Book 
of his Almageſ.) and his. excellent Interpreter 
Regiomontanus, that it may alfo be known to the 
Reader ; at the ſame time not forgetting to 
commend. the Method given by the ingenious 
Mr. Flamſtead in his Doctrine of Spherics, by which 
the Solar Eclipſe; or the coming of the Moon 
to the fix d Stars in a given Place, is graphical- 
ly and handſomely protracted, the Places in the 
other Hemiſphere of the Earth, turn d from 
the Sun or Star, being orthographically proje- 0 


&ed on its great Circle. 1 2 
Let CN repreſent the Ecliptic, S the Sun“, FE. 


and L the Moon's true Place at the time of the 
true Conjunction; find (by Prop. 63. B. 2.) the 
Sun's and Moon's Parallaxes in reſpect of their 
Longitude and Latitude, by which their Places 
in the Ecliptic or Diſtances from the Eclipiic 
may be corrected ; and this for the ſaid Time, 
tho' not very accurately : Then, from the true 
foregoing Places, or Places ſeen from the Cen- 
ter of the Earth, S and 4 ſeen from, a given 
Place in the Surface of the Earth (or ſimply 
ſeen, as they call it) will be had. We dont 
make the Sun's Place differ from that mention d 
before, to avoid Confuſion in the Scheme, az, 
well becauſe the Sun's Parallax is ſo ſmall, chat Ar k 
it _ well be overlook d in this Scheme, and, ws 
alſo chiefly becauſe in taking the Moon's Paraly, 
lax from the Sun (as it has been ſhewn in the 
faid 634 Prop. of Book 2.) the Line NG 0 
| cakes 
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taken for the apparent Way of the Sun, or for 
the Ecliptic a little irregular.” The Moon sap- 
parent Place A will be reduc'd to the Ecliptic 
C; and its Latitude 4 C. Now to determine 
the Point in which the Center of the Moon 
will appear to the propoſed Spectator to be but 
little diſtant from the Center of the Sun, that 
is, when the greateſt Obſcurity (if any will be) 
ſhall happen; find the Situation of the Moon's: 
apparent Way from the Sun, by ſeeking again, 
from what has been laid down, (for a Time' 
little enough diſtant from that in which the 
Moon appears in A) the Places of the Sun and 
Moon as they appear to the given Obſerver, 
and imagining the Sun to be drawn back to its 
old Place S, and the Moon at the ſame time 
drawn back as much. The Place of the Moon 
ſo found will be X, and being reduc'd to the 
Ecliptic will ſhew its Longirude at D and its 
he Latitude K D. Now the Arcs CA, BR and CD. 
being given, you may (by Lemma of Prop. 36.) 


er I determine the Situation AN of the Moon's ap- 
> Wl parent Way in reſpect to the Ecliptic; namely, 
Pur Wl the Point N of concourſe with the Ecliptic and 


me; Wl the Angle ANC. From the Sun's Place $ let 
trus 8 / fall perpendicularly upon AN, and the 
point A is neareſt to $ of all the Points in 4 N: 
Wen To find which let it be obſery'd that in the Tri- 
Wl angle NS MA beſides the Right Angle at M the 
00 Angle N and the Hypothenuſe NS, each lately 

on u found, are given, whence MS and MN will 
be known; therefore alſo MA, becauſe the 
Arc AN is known. Now becauſe M is a Point 
of the Lunar Way which is the fartheſt diſtant 
Jof any from the Sun S; it is plain that if a pro- 
Iposd Spectator is to have any Eclipſe of the 
Jun, that it will happen when the Moon's Cen- 
3 ter 
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ter appears to be in Ad, and that then alſo the 
greateſt. part of the Sun's Diſc will be hid by 
the Moan ; and it is alſo plain, that if the be- 
fore found $M be greater or equal to the Sun 
and. Moon's; apparent Semidiameters SR and 
MH together, then a propos d Obſerver will 
have no Eclipſe; if S M be leſs than SR and 
MH taken together, then there will at leaſt be 


ſome Eclipſe. Rut 8 M is found for the New. 


Moon of a given Month, and (in the ſame 
parts, viz, parts of a Circle) the apparent Di- 
ameters of the Sun and Moon are above deter- 
min'd; whence it may be defin d, whether the 
New-Moon of a given Month will be Ecliptio 
Or na. Ne Hie enn 
If there is to be any Eclipſe, in order to de- 
termine its Quantity, we muſt take notice that 
UZ. 50. ] SR and MH taken together are equal 
to MS and R H together: If therefore, from the 
known Sum of the Semidiameters of the Sun and 
Moon be taken the known Arc $M, there will 
be left RH, part of the Sun's Diameter coverd 
from the Moon at the time of the greateſt Ob- 
ſcurity, which is eaſily reduc'd to Digits and 
parts of Digits, becauſe we already have the 
Sun's whole Diameter and the cover'd part of it 
in ſuch Digits. ; | # 
But it is plain from Obſervation, that the 
Moon's apparent Diameter is leſs ( or perhaps 
the Sun's apparent Diameter is greater) when 
there is an Eclipſe of the Sun, than at the ſame 
diſtance from it when there is no Eclipſe, (for 
reaſons ſhewn in E. 1. Prop. 19.) and that that 
Difference is about the 60th part of the whole 
Diameter: We muſt therefore have regard to 
this Correction when we define the Quantity 
and Phaſes of the Eclipſe. FT ud 
| Laſtly, 
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Laſtly, to determine the Time that the 
Moon's Center will be found in M, let it be 
obſerv'd, that the Time is given ( becauſe it is 
taken) that the Moon by its apparent Motion 
from the Sun (compounded partly of the Moon's 
true Motion, partly of its apparent Motion a- 
riſing from the Parallax) goes thro' the known 
part A K of the apparent Way AN, or rather the 
known Arc CD of the Ecliptic, and that beſides 
there is given the Arc AM, namely, the Sum or 
Difference of the known Arcs AN and MN ; 
whence, by, Analogy you will have the Time 
neceſſary for the Moon, by its apparent Moti- 
on trom the Sun to go thro AM: But the 
Time is given in which the Moon is ſeen in 4; 
therefore the Time will alſo be known when 
it will appear in MA, where it hides the Sun moſt 
of all from a given Obſerver. O. E. F. 
For the Time found in which the Moon is in 
M, find again the Place of the Luminaries, to 
know whether all is rightly perform'd, or whe- 
ther there is need of a farther Correction. 


SCHOLIUM. [Fig.ag.). Sia 

In the foregoing Operations we have ſuppos'd 
the Moon's Motion from the Sun in the appa- 
rent Way AN to be equable, which is not true; 
for tho' the Moon's Motion from the Sun in its 


true Way LB, during the whole time of the 
= Eclipſe, differs but little from an equable one, 
nen yet fince there is a Parallax in its apparent Mo- 
15 tion in its apparent Way (as has been ſhewn at 
* large in the Definitions of the Parallaxes Prop. 


hole 45. B. 2.) for that reaſon it differs very little 
hole I tom an equable one. Therefore for the deter- 
mination of the apparent Way AR, you muſt 
ntity take the Time after N Moon has been in A, 


14 if 
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if C is after $;but the Time before, if C be before 
S, according to the order of the Signs, and, as far 
as we can conjecture; almoſt equal to that which 
the Modn muſt take up to move from 4 to M 
Which will be nearly equal to that which is re- 
quir d for the Moon by its Motion from the Sun 
along the Ecliptic, to run thro the known Arc 
CS; for they only differ by the apparent Moti. 
on ariſing from the Parallax. © 
If from $S be drawn SV perpendicular to the 
- Ecliptic, meeting the Moon's apparent Way at 
V, V will be the Point where the Moon's Center 
is, at the Time of an apparent Conjunction. 
But AV may be thus found: In the Triangle 
NS, beſides the Right Angle NS, there are 
given the Side NS and the Angle N; wherefore 
the Side NV will be known ; and ſince the Arc 
NA is alſo known, VA will likewiſe be found; 
therefore the Time neceſſary for going thro it 
will be known, and therefore the very Moment 
of the apparent Conjunction. But becauſe the 
Points M and “ are very little diſtant from each 
other, therefore the Time of the apparent Con- 
junction is commonly taken for the. Moment 
of the greateſt darkneſs. | 


" PROPOSITIOR XLXIX. 
f | O determine the Time of the Beginning and End 

of a Solar Eclipſe, happening upen a gives 
Month and ſeen in @ given Place, an ſhew what 
its whole Duration will be. [Fig. 5 1.] 


Things being as before, let us ſuppoſe XR to 
be the Moon, going on its Way AN, and HR 
to be the Sun at R: It is requir'd to find the 
Time when they will be in this Poſition. Let 
S and L, the Centers of the Luminaries, be 
join d by SL, the Arc of a great Circle. p [i 

. - 


my 
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the Triangle $ML, beſides the Right Angle at 
M, you have given the Sides S A, S L, the firſt 
of them determin d in the foregoing Propoſition, 
and the laſt, the aggregate of SR, LR, the 
Semidiameters of the Luminaries; therefore the 
Arc ML will be known, which is in appearance 
to be run thro by the Moon's Motion from the 
Sun between the beginning of the Eclipſe and 

the Moment of the greateſt Obſcurity (known 
by the foregoing Prop.) happening when the 
Center of the Moon comes to 44: Therefore 
alſo you will know the Quantity, of its corre- 
ſpondent in the Ecliptic, viz, SE, reckon'd 
back from S. In order to determine the Time 
requir'd for this, find the Time aſſum'd (which 
is an Hour or Two, as the Duration of the E- 
clipſe is great or ſmall, which will be known 
from the greatneſs or ſmalneſs of the Aro S M; 
and here again all will be ſo much more exact, 
as the Time aſſum'd comes neaxer to the half 
Duration of the Eclipſe) being the before known 
Moment of the greateſt Obſcurity, the appa- 
rent Places of the Luminaries, which being re- 
duc d to the Ecliptic (the Sun's Place being car- 
ried to S) will make the diſtance CS reckon d 
on the Ecliptic. Knowing then the Time (be- 
cauſe it is taken) that CS, the known Arc of 
the Ecliptic, is run thro' by the Motion of the 
Moon from the Sun ; you will alſo know the 
Time in which another known one ES is gone 
thro by the ſame Motion of the Moon from 


1 End 
given 
what 


RtoWſſ the Sun; that is, the Time between the Mo- 
1 HRW ment of the greateſt Obſcurity, and the Be- 
d the ginning of the Eclipſe : But the former is de- 


Lei termin d by the foregoing Propoſition ; there- 


85 1 fore this latter will be alſo known. 
A 1 


the 


If 
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If the Moon's apparent Motion was equable, 
there would be as much Time requir'd from the 
Moment of the greateſt Obſcurity to the end 
of the Eclipſe, as from the Beginning to the 
ſaid Moment, becauſe the Right line MP is 
equal to LM, ſuppoſing the Moon HY to touch 
the Sun RH, at the End of the Eclipſe; and 
the greateſt Obſcurity wou'd coincide with the 
middle of the Eclipſe, as it happens in, the 
Moon's Eclipſe, where there is no Parallax of 
the Moon from the Shadow of the Eatth ;' for 
they touch one another. But becauſe here it 
happens otherwiſe, as has been ſhewn in the 
foregoing Prop. in order to find the Time of 
the End of the Eclipſe, you muſt repeat the 
fame Operations, finding-what a Portion of its 
Way the Moon goes thro in a Time taken af- 
ter the greateſt Obſcurity, and finding by Ana- 
logy how much Time 1s requir'd for the Arc 
PM (equal to the before found L M) to be gone 
thro by the Moon's apparent Motion from the 
Sun. For this being added to the before found 
Moment of the greateſt Opſcurity, will, give 
the Moment of the End of the Solar Eclipſe 
ſeen from a propos d Place: And knowing the 
Time of the Beginning and End you will know 
the whole Duration. 2. E. F. 


1  SCHOLIUM  — 
_ Whilſt the greateſt part of the foremention d 
Triangles is reſolv'd by Trigonometry, they 
may be look d upon as Plane: For by reaſon of 
the ſmalneſs of their Sides, the part of the 
Spherical Surface which they take up differs 
little from a Plane, as was ſaid before in the like 
caſe, Prop. 38. And this gives a compendious 
Way of Calculating Eclipſes of the Sun, which 
is 
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is very valuable, becauſe that Calculation is of 
it fait as tedious as any whatever, upon account 
of the Parallaxes which muſt be ſo often found; 
but we muſt be cautioughow we ule this ſhort 
Method.. "1 


FCOROLEARE | | 
Hence alſo may we exactly draw a Scheme. 
of a Solar Eclipſe for a given Place. For ſince 
ſo ſmall a part of the Heavens as comprehends 
the Sun, (reckoning the ſpace it takes up from 
the beginning to the end of the Eclipſe) may 
be look d upon as a Plane, the Ecliptic C N to- 
gether with the Moon's apparent Way AN 
(which ſometimes, by reaſon of the Parallax, 
will ſenſibly ary from a great Circle, or a 
Right line) and the Points S, M, L, and p, 
where the Sun's and the Moon's Centers are at 
the ſaid Times, will be rightly protracted after 
the common Method: And deſcribing Circles 


1& about the Points S and M whoſe Diameters are 
d proportional to the apparent Diameters of the 
ye uminaries at that Time, and are taken in ſuch 
ſe parts as the Portions of the Ecliptic and the ap- 
he parent Way were before taken, you will have 
W. the Sun's Phaſis, at the Time of the greateſt 


Obſcurity. And as (by Prop. 35. B. 2.) you have 
the Angle which the Ecliptic comprehends with 
he Sun's Vertical, and the Situation of the Ver- 
ical in reſpe& to the Meridian; if the Scheme 
above drawn be inclined to the Plane of the 
Meridian and to the Horizon in the due Angles 
already found, the Scheme of the greateſt Ob- 
els curity will be perfect. Moreover, if the Line 
Uke NN, repreſenting the Moon's apparent Way, 
jous he divided into ſuch parts as the Moon appears 
* o go thro' in Hours and parts of Hours (all the 
while 
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while ſuppoſing the Sun unmov'd) and you give 
them the numbers of the Hours as they are rec. 
—4 2 eaſily done, 


the Beginning and of the End, which are to be . 
ſer againſt the Points A, L, and P, are known 


# © + * 


PRO- 


As 1 iy of >" 
o give the reaſon why the Lunar Tables hit bers 
to Calculated ſhew the Moon's Place in the 
Eclipſes of the Luminaries, generally more 7 
in any Syz98ies than in any other Aſpetts, eſpecially 
than in the Quadratur e. #55 nut 
Beſides that, in order to determine the Lu- 
nations, the Syzygies of the Sun and Moon 
have, been more accurately obſerv'd by Aſtro- 
nomers, than any other Phaſes, and the Moon's 
Place in reſpect of the Sun has been moſt nice- 
ly obſerv'd in Eclipſes of the Luminaries, an 
thence a Theory, has been particularly made w 
fitted for finding the Moon's Place in thoſ; 


i caſes by Calculation; all the Monthly Inequa- 
Wi li:ies, whether thoſe that are to be made up in 
de Syzygies with the Sun, or thoſe that affect 
che Motion of -the Moon and its Orbit, ceaſe 
in in the Syzygies; and have ſenſible eas in 
5 the other Afpects. But all of them (except the 


Variation alone) are neglected by the Conſtru- 


per tors of Lunar Tables, as has been ſhewn in the 
2h Prop. whence we ſee the Reaſon why the 
cl. Moon's Place taken from thoſe Tables is more 
W exact in the Syzygies than in any other Aſpect 


with the Sun. For all theſe Inequalities be- 
te Wl come greater by how much the Moon is farther 
remov'd from the Syzygies, ſo that they are 
greateſt when the Moon is in the Quadratures: 
For the Apſes of the Lunar Orbit, which, ab- 
lolutely ſpeaking, go forward, do in the Moon's 
(_vadrarures, either go back or at leaſt go for- 
% more ſlowly, by Prop. 8. Likewiſe the 
:.o0es, whoſe abſolure Motion is regreſſive, go 
„ flower, when the Moon is in Quadrature 
ich the Sun, by Prop. 14. Aud the Excentri- 
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ne e 


Orbit to the Magnus Orbis according to the various 
Aſpect of the Nodes to the Sun (which are cer- 
tainly ſo, in ſome meaſure) have no Place in th 
caſe. For at the Time of the Eclipſes thete 

Y Ie ot f h 


r fant 2 Re IS a, if booth 
Book IV. of ASTRO NOM v. 639 
3c 2 Ceſſation of the Cauſes that produce thoſe 
inequalities which are not ſo exactly ſet down 
in the Tables, and therefore the Effects of the 
Errors of the Tables in the Moon's Place, for 
either Eelipſe (and for a whole Month before 
and after either Eclipſe) by being wrong deſin d, 
alſo ceaſe. Therefore ſince in the Eclipſes of 
the Luminaries, both the foremention d caſes 
obtain, namely, the Moon itſelf and the Nodes 
of the Moon's Orbit alſo are in the Syzygies, 
the Moon's Place at that time taken out of the 
Tables (as wanting fewer Equations becauſe it 
is liable but to. few Inequalities) will be more 
accurate and exact than in any other Situation 
or Aſpect to the Sun of the Moon or its Nodes, 
where there are Inequalities, of which there is 
no account, or no exact one in the Tables. 
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bout other Primary Planets beſides the 
Harm. 
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„P rorostT Ion II. 
HE Diſtance F 4 Primary Planet From th 
3 Sun remaining the ſame, if ſeveral Secondary 
Players revolve about the Supa one in ſimilar ex 
tentric Orbits, and ſimilarly inclin d to the Plane is 
Which the Primary revolves about the Sun, all th 
Angular Errors in the Motion of the Satellites, ſw 
from the Center. of the Primary, and enerated in an 
Revolution of the Satellites, are direttly as the Squard 
of the Periodical Times reſpectively. 

Becauſe all Bodies have the ſartie accelerating 
Force towards the Center of the Sun or that of 
2 Primary Planet at the fame Diſtance from it, 
it is plain that ſeveral Secondary Planets revol- 
ving about a Primary are affected the ſame way 
as one Secondary Planet, whoſe Orbit is dilated 
and contracted as much as the Orbit of thoſ 
different Secondary Planets are diſtant from 

each other. But in this caſe it is plain (from 
Prop. 18.) that the faid Angular Errors ſeen 
from the Center of the Primary, and generated 
in every Revolution, are directly as the Squares 
of the Periodical Times. Whence the truth of 
the Propoſition is evident. .9. E. D. 


COROLLART 


Since all the Errors abovemention'd, gene- 
Cr 
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Revolutions, are as the Squares of the ſaid 
Times; thole that are generated in the ſame 
and a determinate Time, will be as the Times 
Jof the Revolutions themſelves, that is, as the 
Periodical Times; namely, taking away on 
ther ſide one of the compounding Ratio's, 
viz; the ſimple Ratio of the Periodical Times, 
But becauſe ſome of the aforeſaid Errors, 
jamely, the Motion of the Apſes and the Nodes, 
ſometimes in antecedentia, ſometimes in conſe- 
tentia ; therefore their mean Motions made in 
ome remarkable Time towards the ſame parts 
ill in the preſent caſe be as the Periodical 
imes of the Satellites. 


PRO POSITION LIL. 


F two Primary Planets revolve about the Sun at 
different diſtances from it, and one Secondary 
anet revolves about each Primary, and their Orbit. 


ng equal, ſimilar and ſimilarly inclined to the Orbits 
of their Primaries ; the Sun's Forces that diſturb the 


otion of the Satellites and their Effects, that is, all 


obe angular Errors, reſpectively ſeen from the Cen- 
25 W's of their Primaries, are reciprocally in a Duplicate 
ted i of the Periodical Times of the Primary Planets 
ofe out the Sun. . 
om For, becauſe the accelerating Force of any 


Wrimary Planets whatever about the Sun, is the 
ne, at the ſame Diſtance, it is plain that thoſe 
xcondaries which revolve in equal Orbits, a- 
dut different Primary Planets are affected the 
me way as one Secondary Planet revolving 
bout its Primary, which revolves about the 
n in an Orb ſo excentric, that its Diſtances 
om the Sun, in divers Points of ſuch an Orbit, 
ter as much from one another as the Diſtan- 
s of the two Primaries in the preſent caſe. 
M m m | Put 
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| fald Errors, both in Longitude and Latitude, 


Planets about the Sun are as the Cubes of th 


But it is plain (by prop. I ) thatin ſuch a cafe, the 


ſeen from the Center of the Sun, are inverſy * 
as the Cubes of the Diſtances of the Primary 4 
from the Sun. And therefore the ſaid angular * 
Errors of Secondary Planets revolving in «qu P 7 


ſimilar and ſimilarly inclin'd Orbits about rwy 
Primary Planets mov'd about the Sun in difte 
rent Diſtances, ſeen from the Centers of th; 
reſpective Primaries, are inverſly as the Cube 
of the Diſtances of the Primaries from the Sun 
But, by the 40th and 42d Propoſitions, th 
Squares of the Periodical Times of the Primay 


mean Diſtances of them from the Sun: A 
therefore all the angular Errors of the Secoy 
dary Planets reſpectively, ſeen from the Ces 
ters of their Primary ones, are inverſly as th 
Squares of the Periodical Times of the Prim 
ries about the Sun. 9. E. D. 


ProeostTION LITE. 
T HE Angular Errors of the Satellites general 
9 in every one of their Revolutions about ili 
reſpective Primary Planets, and ſeen from their Ca 
ters, are in a Ratio compounded of the direct duplica 
Ratio of the Periodical Times of the Satellites alu 
their reſpective Primary Planets, and of the dull 
cate reciprocal Ratio of the Periodical Times of ul 
Primary Pl:nets abaut the Sun. 

For, by Prop. 5 1. if the Diſtances of the Pi 
mary Planets from the Sun were equal, n 
foreſaid Errors wou'd be in a direct duplicas 
Ratio of the Periodical Times of the Satellit 
about their Primary Planets reſpectively: Al 
by Prop. 52. if the Diſtances of the <acelliit 
from their Primaries were equal, the ſaid Erid 

| | Won 
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wou d be in a reciprocal Duplicate Ratio of the 
periodical Times of the Primaries about the 
Sun: And therefore, tho neither the Orbits of 
che Primaries about the Sun are equal, nor thoſe 
of the Satellites about the Primary Planets; the 
Ratio of the foreſaid angular Errors, generated 
in every reſpective Revolution of the Satellites, 
and ſeen from the Centers of their Primary 
Planets, is compounded of the foreſaid Ratios; 
namely, a direct Duplicate Ratio of the Perio- 
ical Times of the Satellites about their reſpe- 
tive Primary Planets, and a Duplicate reci- 
procal Ratio of the Periodical Times of the 
Primary Planets about the Sun. ©. E. D. 


SERGOEITAM 

From the ſame Reaſoning you may (by Prop. 
$2. and the Corollaries of Prop. 51.) gather, that 
he mean Motions of the Apſes and Nodes of 
Two Satellites are in a Ratio compounded of a 
lire& Ratio of the Periodical Times of the Sa- 
llites about their reſpective Primary Planets, 
nd a reciprocal Duplicate Ratio of the Perio- 
lical Times of the Primary ones about the 
zun. 


PROHPOSITION LIV. 


O determine the unequal Motions of Satellites re- 
volving about any other Planets. 
From the before determin'd unequal Motions 
ff the Moon, ſeen from the Center of the 
Earth, the analogous Motions of any Satellite 

ay be the help of the premis'd Theorems be 
etermin'd, if the Form of the Orbits of the 
atellites and the Inclination of the Orbits to 
he Plane, in which the reſpective Primaries 
re Carried abont the Sun, do not much differ 
". Mmm 2 from 
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from the Form of the Lunar Orbit, and the In. 
clination of its Plane to the Plane of the Eclip. 
tic, as it happens in the Satellites of Jupiter 
and Saturn: For their ſmall difference does not 
ſenſibly change the Motions, as it has been tu. 
ken notice of in the 11th and 14th Propoſitions 
Let (for Example) the Motions of the our. 
termoſt of the Circumjovial Planets be to be 
determin'd : It is plain, from the Scholium q 
the foregoing Propoſicion, that the regreilin 
Mean Motion of the Nodes of the ſaid Satel. 
lite is to the Mean Motion of the Moon's Node; 
in a Ratio compounded of the Ratio of che pe. 
riodical Time of the ſaid Satellite about Jupj 
ter, to the Periodical Time of the Moon about 
the Earth, and a Duplicate Racio of the Perio- 
dical Time of the Earth about the Sun, to the 
Periodical Time of Jupiter about the Sun; aul 
therefore that it is given, when the ſaid Pe 
riodical Times are known by Obſervacion. 
Likewiſe from the Mean progreſſive Motion 
of the Apſes of the Moon, may be found the 
Mean progreſſive Motion of the Apſes of 1 
Satellite. | 
After the ſame manner, from the foregoing 
Propoficion, the Variation of the ſaid Satellit 
is to the Moon's Variation above found, in! 
Ratio compounded of the Duplicate Ra: io a 
the Periodical Time of that Satellite about Ju 
piter, to the Periodical Time of the Moon & 
bout the Earth, and a Duplicate Ratio of the 


Periodical Time of the Earth about the Sun, T. 
to the Periodical Time of Jupiter about the Sun; th: 
that is, (by the ſaid foregoing Prop.) as the wee 8 
Motions of the Nodes in the Periodical Tine >a 
of the Satellite and the Moon to one anothel. a 

"a th: 


And 


| 
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And after the ſame manner the greateſt - 
quations of the Nodes and the Apſes of a Sa- 
 teilite are to the greateſt Equations of the 
Nodes and of the Apſes of the Moon reſpe- 
ctively, as the Motions of the Nodes and Apſes 
of a Satellite during the Time of one Revolu- 
tion of the former Æquations, to the Motions of 
the Nodes and Apſes of the Moon, during the 
Time of one Revolution of the latter Æqua- 
tions. 

All theſe Things likewiſe hold true of any 
other Satellite. But having once found the ſaid 
Inequalities in one of the Satellites, the analo- 
gous Incqualities in any other revolving about 
the ſame Primary Planet are more eaſily deter- 
min'd, by Prop. 5 1. and its Corollaries; for there 
will be no need of making uſe of an inverſe 
Duplicate Ratio of the Periodical Time of the 
Primary about the Sun, the Primary remaining 
the ſame. | | 


PROPOSITION LV. 


O correct the Motions of the Apſes of the Satel- 
ing lites of Fupiter and Saturn found by the forego- 
lle ing Propoſit ion. | A 
| Becauſe the Apſis of the Moon, in the Syzy- 
© gies with the Sun goes forward, and alſo the 
Apſis of a Satellite, by Prop. 11. bur flower by 
reaſon of the ſhort Periodical Time of the Earth 
about the Sun, in compariſon of the Periodical 
Time of Saturn or jupiter about it; it is plain 
that the Moon's Apſes ſtick longer in the Syzy- 
gy of the Sun and near it, than the Apſis of a 
datellite, becauſe it does more cloſely follow 
the Sun, which is carried in conſequentia faſter 
than either Apſis. And on the other hand each 
Aplis of a Satellite goes back in the Sun's Qua- 


Mmm 3 drature, 
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drature, but that of the Moon faſter ; therefore lite 
it remains a ſhorter "Time in the Sun's Quadra. Wn: 
ture, which it meets. And as for the firſt Cauſe, 
the Apſis of a Satellite goes forward for a leſſ 
time than the Apſis of the Moon, and, by the im 
ſecond Cauſe, it is longer a going back than the 
Apſis of the Moon, and the abſolute Progreß on 
of each ariſes from a greater Progreſs than Re. Nan 
greſs; it is plain that thoſe two Cauſes conſyi. 
ring diminifh the progreſſive Motion of the He. 
Apſes of a Satellite, more than in proportion {cat 
to the other Cauſes. Therefore upon this Foun. 
dation we muſt build the Correction of the be. 
fore found Motion of the Apſes, and diminiſh 
the ſaid Motion according to the permanency 
of this Cauſe and its Effects on each of the $1. Ph 


tellites of Jupiter or Saturn. the 
| | Ph 
SCHOLIUM be 


Theſe Inequalities which affect the Motion 
of a Satellite revolving about any Primary Pla. 
net being determin'd, it will be eaſy (according che 
to the foregoing Methods about the Moon) to 
find, by Calculation, the Places of thoſe Satel 
lites for a given Time, their Immerſions into ſee 
the Shadow of their Primary Planet, their E- 
merſions out of it, the journey of the Shadow iſ 
of a Satellite over the Diſc of his Primary, and the 
other things concerning their Motions, as they 
are ſeen from their proper Primary Planets. And 
the Form of the Tables for determining theit 
Motions, ſeen from thence, will be the ſame as ma 
that of the Moon's Tables above deſcribed ; lik. 
from which, together with the Tables of the apf 
Primary, (deſcrib'd in the foregoing Book) one I the 
may readily find the Phænomena of thoſe Sa: ¶ the 
tellites. Bur becauſe che Eclipſes of the _ the 

l | ; . tes, 
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lites, as they run into the Shadow of their Pri- 
mary Planet, are very remarkable Phænomena 
Ito be obſerv'd by the Inhabirants of the Earth; 
Aſtronomers have conſtructed Tables for the 
immediate Calculation of them, whoſe Foun- 
dation and Form appear eaſy and ſimple to any 
one that underſtands the foregoing Propoſitions ; 
and therefore we-ſhall only give a few Exam- 
ples to illuſtrate them over and above ; which 
yet do not properly belong to theſe Elements, be- 
cauſe they are only Phyſical and Geometrical, 
not Arithmetical. | 
But yet we ought to take notice that regard 
is to be had to the different Diſtance of the 
Earth (the Place of the Obſerver) from theſe 
Phænomena of the Immerſion and Emerſion of 
the Satellites of Saturn and Jupiter: For ſuch a 
Phænomenon is ſooner ſeen when the Earth is 
nearer to it, than when it is remoy'd from it. 
Let S [g. 5 2. ] repreſent the Sun; C DE the 
li M gnus Orbis, or the Way of the Earth; 6M , 
ns che Way of Jupiter, V Jupiter caſting his 
to Shadow U /; BAK the Orbit of a Satellite of 
el- Jupiter. Let an Inhabitant of the Earth at C 

10 WT ce the Emerſion of the Sate lite out of the Sha- 
E- dow of Jupiter at 4; for if the Satellite be one 
ow WH of the neareſt to Jupiter, or the Earth be after 
nd che Oppoſition or before the Conjunction of 
y Jupiter with the Sun, then the Immerſion at B 
\nd will not be ſeen by reaſon of the Interpoſition 
cit of Jupiter's Body: If the Spectator ſhould re- 
main in the ſame Place, after ſome Time the 
ed ; WH ike Emerſion of the ſame Satellite wou'd again 
the appear, and another ſuch Emerſion of it after 
one WW che ſame ſpace of Time, and ſo on. But as 
Sa- the Earth goes from C to D, it is plain that 
cel there is need of a longer Time for the ſame 
| Mmm 4 Ap- 


\ 
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Appearance to reach to it at D; namely, 23 
much more Time as is needful for the Light 
(which, as it were, brings the Phænomenon) 
to go thro' the Interval of the Diſtances 40, 
AC, or the Diftance CD. For the ſame res. 
fon the Immerſion of the Satellite at B, ſeen 
by an Inhabitant of the Earth at E, will, after 
a determined Time, be again ſeen, and fo on; 
but the Earth, as it were, meeting the Phznome- 
non, as it goes from E to F, a Spectator wil 
ſooner ſee the Phænomenon when he is x 
F than when he was at E. And this proceed; 
from the different Diſtance of the Earth from 
the Bodies whoſe Phænomena are obſerv'd, to 
which we ſaid that regard was to be had: For 
by reaſon of this different Diſtance, they ar: 
ſeen ſooner or later, as alſo all the Inequalities 
which really happen in the Motion of the Bo. 
dies themſelves. And from the comparing ſuch 
Phænomena ſeen ſooner or later with the 
Earth's annual Orbit, we, on the other hand, 
- diſcover the ſucceflive Motion of Light, and 


from it find our its Velocity by Qbſervarios, 


So- 


we go re 1399) -& 
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SECTION X. 


Of the Motions of Satellites about their 
own Centers reſpectively. 


PRO POSITION LVL. 0 


O deſcribe the Motion of the Moon about its 
own Center, as it is carried at the ſame Time 
round the Earth. 

For the Example of the Motion of the Satel- 
lites about their own Centers, we ſhall give an 
inſtance in our Moon, to whoſe Motion tis 
reaſonable to believe the Motions of the Satel- 
lites of other Planets to be analogous; for we 
cannot make minute - Obſervations of thoſe 
ſmall Bodies which are at ſo immenſe a Diſtance, 
The Motion of the Moon is in all things like 
the Motion, of the Earth about its own Cen- 
ter, whilſt” it is carried round the Sun, ex- 
cepting the Inclination of its Axis and the Pe- 
riod of its Revolution. For as the Moon moves 
round the Earth, it moves alſo about its own 
Axis: This Axis is every where parallel to itſelf, 
therefore not perpendicular to the Plane of the 
Moon's Orbit, ( for this Orbit is continually 
chang'd by reaſon of the action of the Sun 
which diſturbs it) but inclined to it, and almoſt 
at right Angles with the unmov'd Plane of thg 
Ecliptic. The Moon's Motion about this its 
own Axis (as alſo that of the Earth about ity 
: 0 Axis, and of the other Primary Planets about 
and equable, always of the ſame tenour ; an 
its Period is the ſame with the Periodical _— 


their Axes, ſhewn in Prop. 30. B. 1.) is 11 
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different from what happens in the Earth ang 
the other Primary Planets carried about the Sun, 
every one of which performs feveral Revolu- 
tions about its own' Axis, whillt it goes once 
thro its Orbit, 5% f 
Pacos fox LVII. 
T HE Plane of the- ſame Lunar Meridian (or if 
2 Circle made by the Section of a Plane along. 
the Axis 4 its Rotation) being produc d, does alway 
nearly paſs thro that Focus of the Elliptic Orbit ( h 
N the Earth) in which the Earth is my, 
ig. $3. | 
Os Mic 8 the Ellipſe, whoſe Periphery 
is defcrib'd by the Moon moving about the 
* Earth: Let the Earth T be plac'd in one of its 
Foci, to which a Ray or Radius (which we 
have calld a Vector) being drawn, deſcribes A. 
reas proportionable to the Times in which they 
are deſcrib'd. And by Prop. 5. B. 3. the Right lines 
AF, BF, being drawn from any two Points of 
an Ellipfis to one of its Foci F. (namely, that 
in which the Earth is not) the Angle AFB is to 
four Right ones nearly as the Time in which the 
Moon runs thro' the Arc 4B to the whole 
Time of the Moon's Period. If 4 M repreſents 
the Plane of the Lunar Meridian, which {the 
Moon's Center beirig any where, as for Ex- 
ample, ac 4) being produc'd goes thro F; I ſay 
that the ſame Plans being likewiſe produc'd 
ill go thro' F, in whatſoever Point of the E- 
chipric Orbit the Moon is, For, becauſe the 
otation of the Moon is uniform about its own 
is, and it alſo has the ſame Period as the 
don has about the Earth; it is evident that 
tfie Plane of the Meridian which in the Moons 
Keuarion A was A M, when the Moon's Cen- 
Þ 4 . 


"I 


taken parallel to 4 MH, the Angle B E will be 
to four Right Angles as the Time in which the 
Moon is carried thro the Arc AB to the Moon's 
whole Periodical Time: Therefore (by Prop. rr. 
El. 3.) mBE is to four Right Angles as AFB is 
to four Right Angles; whence (by Prop. 9. El. 5.) 
the Angle B E is equal to AFB, And as AF 
and Bm are parallel, BE will be in directum to 
BF; that is, in a Situation of the Moon B taken 
at pleaſure, the Plane of the ſame Meridian, 
which produc'd did in the former Situation 4 

o thro F, produc'd in this does alſo go thro' F. 

herefore in what Point ſoever of the Orbit 
the Moon's Center is found, the Plane of the 
ſame Meridian will go thro' F, the Focus in 
which the Earth is not. . E. D. 


„ 


PRoOoPOSITION IVIII. 


f 2 deſcribe the Motions which appear in the 
t Moon's Face, ſeen from the Earth, ariſing 
0 from the Moon s Motion about its own Center. 

6 Firſt, it is plain that nearly the ſame Face of 
0 the Moon is always turn'd towards the Earth, 
5 and that nearly the ſame Lunar Spots are feen 
e by an Obſerver on the Earth. For ſince the 


= produc'd Plane of the ſame Meridian goes thro? 
y the empty Focus F of the Lunar Orbit, and the 
Lunar Orbit is not very excentric, that is, Fis 
not very far from 7, or the Angle FB T (when 
greateſt) is not very great, it is plain that neat᷑- 
ly the ſame Face of the Moon is always turn'd 
to the Earth. ky 

But if that Face of the Moon which is turn- 
ed towards the Earth be nicely conſider d, by 
looking at the Spots, ſo as to draw the Figure 
7% is 6 | of 
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ter is got to any other Point (as B) will have 
ſuch a Situation BE, that the Line BM being 


% 
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of it by the help of a Teleſcope, it will ap- 

ar that we don't preciſely ſee the ſame Face. 
And ſince the Plane 4 M of the ſame Meridian 
is not directed to the Earth 7, but to the other 
Focus F, it is plain that the Hemiſphere of the 
Moon when it is at 4, ſeen from the Earth 7, is 
ſomething different from that which is ſeen 
from it when the Moon is come to B, ſome 
of the Moon's Hemiſphere which is drawn to. 
wards D, and was hid from the Eye in T when 
the Moon was at 4, being now diſcover'd, and 
part of the Hemiſphere towards C, which wa; 
then ſeen, being now out of Sight. And this 
apparent Motion of the Moon from the Earth, 
by which ſome of its Spots in the Hemiſphere 
turn'd from the Earth, come in ſight, and ſome 
of thoſe in the Hemiſphere towards the Earth 
get out of ſight, is properly enough call'd, the 
Libration of the Moon, and that which happens 
for the reaſon juſt given is call'd, the Libratim 
in Lengitud:, ariſing from the Moon's Motion 
in Longitude, or along the Zodiac. This Li- 
bration is twice reſtor'd in every Periodical 
Monch; namely, when the Moon is in the Apo- 
gæum C or Perigzum D: For in either cafe tho 
Plane of che ſame Meridian, which being pro- 
duc'd falls on F, falls alſo on T. And this Li- 
bration is from all the Inequalities of the Mo- 
tion affected in Longitude, and, amongſt others, 
by that Inequa.ity, by which the Moon, in 
Quadrature with the Sun, is remov'd from the 
Earth, of which mention has been made in the 
, Corollary of Prop. 2. 

Moreover, becauſe the Axis of the Moon's 

otation is not perpendicular to the Orbit which 
the Moon deſcribes about the Earth, but inclin- 


ed to it, it is plain that ſometimes one Pole of 


the 
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the Moon, ſometimes another, points towards 
the Earth, (for the ſame reaſon that ſome- 
times one Pole of the Earth, and ſometimes 
another is turn'd towards the Sun) and there- 
fore ſometimes we ſee from the Earth the Lu- 
nar Spots which are near one Pole, and ſome- 
times thoſe which are near the other, and con- 
ſequentiy we ſee - another Libration of the 
Moon from the Earth ; which, as it depends 
upon the Situation of the Moon, in reſpect of 
the Nodes of its Orbit with the Ecliptic, (for 
its Axis, as has been obſerv'd, is nearly perpen- 
dicular to the Plane of the Ecliptic) is rightly 
call'd, the Libration in Latitude This is per- 
form'd in the ſpace of a Periodical Month, or 

rather as the Moon returns to the ſame Situa- 
tion in reſpect of the Nodes. 

Again, there is a third kind of Libration of 
the Moon, by which, tho' no other part of it 
be turn d to the Earth than what is occaſion'd 
by the two foregoing Cauſes (namely, the Li- 
bration in Longitude, and the Libration in La- 
titude) yet another part is enlighten'd by the 
Sun. For ſince the Axis of the Moon is near] 
perpendicular to the Plane of the Ecliptic, 
when the Moon goes fartheſt from the Ecliptic 
towards the South (or is in the Southern Limit) 
iche Moon's North Pole, and alſo ſome part of 
0- the Lunar Globe beyond that Pole, are enligh- 
rs, tend by the Sun, when at the ſame time the 
in South Pole of it, and ſome parts on this ſide of 
he it (that is, on the fide towards the Sun) are in 
he WW darkneſs ; if therefore in this caſe ic happens 
| that the Sun is on the ſame ſide as the Moon's 
ns >outhern Limit, the Moon, going from the 
ich Conjunction with the Sun to the aſcending Node 
oy will appear by little and little to draw away its 
> 0 | Nor- 
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Northern parts and the Spots near the North 
Pole, into the darken'd Hemiſphere, when at 

the ſame time on the oppoſite ſide other Spots 
about the South Pole emerge out of darkneſs in- 
to Light: And the contrary will happen half x 
Month after, when the New Moon deſcend; 
from the Northern Limit; that is, the more 
Northern parts of the Moon will by little and 
little break out into. Light. from Darkneſs, 2 
the ſame time that the moſt Southern parts hide 
themſelves in Darkneſs. It is plain that this 
Libration, or rather theſe Effects of the Librz 
tion in Latitude, depend upon the Sun's Light, 
and therefore on the Synodical Month. 


 SCHOLIUM. 


From this Propoſition it appears how mani- 
fold this Libration of the Lunar Globe ſeen 
from the Earth, is; which is produc'd by its 
moſt ſimple Motion about its own Axis, de- 
{crib'd in Prop 56. for the foregoing kinds of 
Librations, according to the various Situation 
of the Lunar Apſes, of the Nodes and of the 
Sun (upon all which they depend) are variouſly 
mix d and combin'd, and make that moſt intr- 
cate Libration of the Moon obſerv'd by Aſtro- 
nomers. | 
And that all theſe things obtain likewiſe in 
the Satellites of Jupiter and Saturn is very pro- 
bable, becauſe they go round thoſe Primary 
Planets, and, together with them, are carried 
about the Sun, juſt as the Moon and Earth; 
and alſo at Jupiter's and Saturn's Satellites have 
that very remarkable Phænomenon, in reſpect 
of their Primaries, which has ever been obſer- 
ved of the Moon, namely, that it always turns 
the ſame Face to the Earth, as was ſaid at — 


BooklVs of ASTON. G55 
beginning of the laſt Prop. For it is obſerv'd 
of the outward Satellite of Saturn, that it is 
at the Weſt of this Planet ; but that it is always 
hid when at the Eaſt : It is likely that it happens 
for this reaſon, chat che greateſt part of its Sur- 
face is darker (that is, does not copiouſly e- 
nough reflect the Rays of Light every way) 
than the other. This Satellite, like our Moon, 
has very ample Plains or Vallies, which being 
che darkeſt part, when turn'd towards us, can't 
be ſeen upon account of the ſmall Quantity of 
the reflected Light. And as this Saturnian 
Moon is found to be darken'd when it is in the 
Eaſtern part of its Orbit, and never in the o- 
ther; it is a plain ſign that the ſame Face of 
that Moon always looks towards Saturn, that 
Phznomenon being a conſequence of this Phæ- 
nomenon, as is evident. And now ſince this 
ſame thing is true both of that remoteſt Moon, 
and of our Moon, wiz. that the ſame Face is 
always turn'd to the Primary Planet, who can 
doubt of its obtaining in the other Moons about 
Jupiter and Saturn, tho' we have not Obſerya- 
tions to evince the truth of it? 


HC ; _—_ 
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SECTION XI. 


Of the Magnitude and Denſity of the 
| "Satellites. 


2 T N endeavouring to find out the Magnitude WW z 
| of the Satellites, we ſhall alſo ſuppoſe tha uU 
they, like the Primaries, (about which they WM ++ 
revolve ) and all other great Bodies in the n 
World, did at firſt (by reaſon of the Gravig. Wil 6 
tion of the parts towards the whole, ani WT 
the Center of the whole) when their matter Se 
was fluid, put on a Spherical Figure. This» di 
bundantly appears to be true in the Moon's S. 
tellite of our Earth, from its Monthly Phaſe, 
Eclipſes, and all the other Arguments which 
can be devis'd, as may be ſeen in all Writers ol 
Natural Philoſophy and Aſtronomy: This allo 
appears, namely, in the Satellites of Jupiter 
and Saturn; for whatever Face they turn toa 
Terreſtrial Obſerver (for they turn all their 
Faces ſucceſſively to the Earth) they appear to 
have a circular Diſc, which only happens in 
Spherical Figures. : 
Tho' the Figure of the Planets be Spherical, 
conſidering any whole Planet, yet ſome Inequi- 
lities (and great ones if compar'd with thoſe on 
our Earth) are found on their -Surfaces, ariſing 
from particular Cauſes near their Surfaces, es 
erting their Forces on ſuch parts as are already 
hard and ſolid; ſuch as are found in our Earth 
and in the Moon, but are not look'd upon 
nſiderable, in reſpe& of their Globes, and 
erefore do not take off from their Roundnels 


* * . 
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In inveſtigating the Magnitude and Denſity 


of the Satellites, we ſhall take our Moon for 
an Example, and compare them with it. 


PRO POSITION LIX. 
T O define the Moon's Magnitude. [Fig. 54. 


Becauſe from foregoing Propoſitions we know 
both the Moon's Diſtance and the Angle under 
which it appears, that is, (ABC repreſenting 
the Moon, L. its Center, and O the Eye) the 
Right line OL and the Angle 40 B, and there- 


ö 

bpore the half of it 40 L; in the rectangular 
Triangle LAO, rectangular at 4, LA the Moon's 
t WF Semidiameter will be found: Or more rea- 
„diy thus: The Diameter of the Moon is to the 
Diameter of the Earth, as the known apparent 
$, Semidiameter of the Moon to the Moon's known 
Horizontal Parallax, as it is plain. Now the 
Moon is to the Earth (by Prop. 18. El. 12.) in a 
% Triplicate Ratio of its Diameter to the Diame- 
tet ter of the Earth, and therefore it is defin'd. 


„E. F. 
he Magnitude of the Satellites of Jupiter 
and Saturn will be likewiſe defin'd, from know- 
ing their Diſtance, and the Angle which each 
of them ſubtends. 


cal 

15 PROPOSITION LX. 

on T® define the Duantity of Matter in the Moon, in 
ſing = reſpect of the Quantity of Matter in the Earth. 
ex* Fig. 55. Ep a 

2ady ler 1 the Sun; ABC the Magnus Or- 

arth Wis, in whoſe Circumference the common Cen- 

n ter of Gravity of the Earth 7, and of the 
and Moon L is carried, as has been explained in 

Inels. ihe 1': Book, Let 4 repreſent that Center at 

in Nun the 


—"=Y 
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the knawn Time of ſome New-Moon ; and B 
the fame Center near the known Time of 2 
Quadrature ( the next, for Example.) And 
from theſe two times given you will (by Prop. 18, 
B. 3.) have the apparent Places of the Sun, 
ſeen from the Points A and B: For (by Prop. 6z. 
B. 1.) that common Center of Gravity of the 
Earth and Moon, goes thro' the Magnus Orbit 
in ſuch manner that the Areas cut off by Radi 
drawn to the Sun are proportionable to the 
Times. Obſerve. the Places of the Sun and 
Moon from the Earth at t, and then you wil 
know the Angles BrS, ASt; but ASB wy 
known. before, therefore BSt will be known, 
Therefore in the Triangle BSt the Angles B75 
BSt, being given, and the Side S B (which i 
a Line of ths Magnus Orbis, drawn from the 
Sun, and given in Poſition, whoſe Quantity is 
from the Sun's n and Parallax known in 
Diameters of the Earth) the Side : B will alfo 
be had in ſuch known, Meafures; but 71, the 
Diſtance of the Moon from the Earth, ts known 
from the Theory of the Moon; therefore ( by 
the 1'* Datum) the Ratio between : and : Bis 
known, and therefore that between Be and BI. 
Moreover, it is known from Mechanics, that 
there is the ſame Ratio of the Gravity of the 
Moon to the diſtant Sun, to the Gravity of the 
Earth to it, that is, (by Corol. Prop 47. B. 1.) of 
the Quantity of Matter in the Moon, to the 
Quantity of Matter in the Earth, as of the 
Right line Br to the Right-line BJ; therefore 
the Ratio. of the Quantity of Matter in the 
Moon to the Quantity of Matter in the Earth 


is defin d. Q. E. F. Dh I 
To make this Obſervation we take one of 49th 
two 


* l - 
o 


the Times at the Syzygy of the Sun and Moon, 
. * an 
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and the other near the Quadrature, that tlie 
Angle BSt may be the greater. ie“ 
he fame thing may alſo, according ts the 
fame Principles, be gather'd from the different 
apparent Diameter of the Sun, in the New= 
Moon and the Full-Moon; for it is (creris pa- 
ribus) leſs at the Time of the New-Moon; and 
greater at Full- Moon. 311 


The foreſaid Inequalities in the Motion of 


| 

| the Earth, ariſing from this, that not the Earth 
it ſelf, but the common Center of Gravity bf 
e Earth and Moon is carried in the Magnus 
| BY Orbis, and deſcribes Areas (by Rays drawn to 
de sun) proportionable to the Times, is alſo 
Js be obſervd in the other Planets. For this 
0 Monthly Parallax of Mars, when Achronical, 
n WF is twice; and that of Venus, in Conjunctiofl 
lo WE with che Sun and Retrograde, three times grea- 
ne ter than the Sun's, (becauſe'in ſuch a caſe Mars 
in s twice. and Venus three times nearer the Earth 
by chan the Sun ;) but in the other Planets it is al- 


3 WE moſt inſenſible. There will likewiſe be the 
BY. WW fame Incqualities in the Motions of Jupiter and 
Saturn, (which have Satellites) eſpecially. when 
the all or moſt of the Satellites ate on one ſide of 
the Primary: But theſe Primaries are ſo very 
ol great in reſpe& of their Satellites, that this In- 
equality becomes leſs ſenfible. | 
PkoeoSITION LXI. 
T2 define the Ratio of the Moon's Denſity to the 
Earth's Denſi x. 3 
It has been univerſally demonſtrated in the 
49 Prop. B. 3. that the Ratio of the Denfiry of 
two Bodies is compounded of the direct Ratio 
Nun 2 of. 
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of the Quantity of Matter in them and the in. 
verſe Ratio of their Magnitudes; that is (in the 
ſent caſe) the Denſity. of the Moon is to the 
Baabe of ho · Earth, in a Ratio compounded of 
the Ratio of the Quantity of Matter in the 
Moon, to the Quantity of Matter in the Earth, 
and the Ratio of the Magnitude of the Earth 
to the Magnitude of the Moon: But the two 
compounding Ratios are given, by the 5th and 
60th Propoſitions; therefore the Ratio com- 
pounded of them is given, namely, the Den. 
ſity. of the Moon to the Denſity of the Eanh, 
RO POSITION LXII. 

o define the Ratio of the accelerating Gravity 
1 cowards the Moon on its Surface, to the act» 
lerating Gravity towards the Earth on its Surface. 

It is plain from what has been before ſhewn, 
that in like diſtances from Bodies, however un- 
equal, ſo that the Place be taken without them, 
the accelerating Gravities are as the Quantities 
of Matter in the ſaid Bodies; and in unequll 
Diſtances from the Centers of equal Bodies, 
the accelerating Gravities are inverſly as the 
Squares of the ſaid Diſtances; and therefore, 
tho! neither the Diſtandes nor Bodies are equal, 
the Ratios of the accelerating Gravities towards 
them is compounded of the direct Ratios of the 
Bodies themſelves, towards which heavy Bodies 
tend, and the inverſe Ratio of the Squares of 
the Diſtances from their Centers; that is, (in 
the preſent caſe) the accelerating Gravity to- 
wards the Moon on its Surface, is to the acce- 
lerating Gravity on the Earth's Surface, in 
Ratio compounded of the Ratio of the Maß 
(or Quantity of Matter) of the Moon to W 
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Maſs of the Earth, and a Duplicate Ratio of 
the Semidiameter of the Earth to the Semidi- 
ameter of the Moon, (for the diſtances of the 
Surfaces from their Centers arę the Semidiame- 
ters of the Spheres) now the former of the 
compounding Ratios is given, by Prop. 60. and 
the latter of them, by Prop. 69. and therefore 

e compounded Ratio will be known, namely, 
the Ratio of the accelerating Gravity on the 
Surface of the Moon, to the accelerating Gra- 
vity on the Surface of the Earth. 5 
| By the ſame Obfervations and Reaſoning 
may be defin'd the Maſſes and Denſities of the 
Satellites of Jupiter and Saturn, in reſpect of 
their Primary Planets: And ſince their Maſſes 
and Denſities, in proportion to thoſe Qualities 
in the Earth, are defin d, in the 48th and 4gth 
Propoſitions of B. 3. we have defin'd the Mas, 
Denſity and accelerating Gravity near the Sur- 
. of the Planets, contain d in the Solar Sy- 
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Of * 1 of the Satellites . of the 
Primary Planets EM from their muty: 
"af Gravity. 


Tho the W and Vallies. upon the 
Earth, and the Eminencies and Cavitis 
F. the Moon (Which appear to be. ſuch upa 
agcount of their Shadows ofthe tu according 
= different Situation of the Sun) do q 


der thoſe Bodies -_ being round, as ha 
n ſaid before; i 1 70 there are ſome univerll 

Deviations or Differences from a Spherical Fi. 
gure, which are not to be omitted; as for Ex- 
ample, the prolare Spheriodical Figure, which 
has in Prop. 3 1. B. x been ſhewn to belong to al 
fluid Bodies turning round their own Axes. But 
by reaſon of the ſlowneſs of the Rotation in the 
Lunar Globe, which is not perform'd in lex 
than a Periodical Month, the deviation from 4 
Spherical Figure ariſing from it will be almoſt 
inſenſible, if it be compar'd with the like deri 
ation in the Earth, as will be ſhewn in the fol- 
lowing Propoſition. 

For another reaſon the Moon is of an ob- 
long Spheroidical Figure, whoſe Axis produc 
goes thro the Center of the Earth. For ſince 
the cauſes of this Figure of it are remarkable, 
and its effects no leſs fp,, it is fit to take the mat- 
ter higher; eſpecially ſince it will be a means to 
explain che Phznomenon of the Tide, which 
is the moſt remarkable thing of thoſe, which 


hap- 
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happening on the Earth, are produc d by Ce- 
jflial Bodies, as we ſhall ſhew it to be. * 
Poros frIox IXIII. 

O define the Moon's prolate Spheroidical H- 


ure. | x. 34 ' 
This Problem may be ſolv'd after the ſame 
manner as in Prop. 53. B. 3. where the Figure of 
the other Planets is determined: For we have 
the Ratio between the Diameters of the Earth 
and Moon about their own Axes, by Prop. 56. 
therefore we have (by Prop. 26. B. 1.) the Ratio 
of the Centrifugal Force at the Equator of the 
Moon to the like Force in the Æquator of the 
Earth: But the Ratio between the Centrifugal 
Force at the quator of the Earth, and the 
Gravity on the Farth's Surface is given, (by 
Prop. 52. B. 3.) and (by Prop. 42.) you have the 


Farth, to the Gravity on the Surface of the 
Moon ; therefore the Ratio compounded of 
thoſe Three will be given ; namely, the Ratio 
of the Centrifugal Force in the Moon's Æqua- 
tor, to the Gravity towards the Center of the 

Moon, which obtains on its Surface, which (in 
lt Wl che {aid rop. 52. B. 3.) has been ſhewn to be 


i. che ſame as the Ratio of the Exceſs of the 
d Moon's Equatorial Diameter above its Axis. 
Þ Therefore (by the 6k Datum) we ſhall have the 


4 Ratio between the Moon's Axis and any Diame- 
cer of it, which is perpendicular to the Axis; 


as that is, between the Axis of an Ellipſe by whoſe 
Ie, Rotation about the ſhorter Axis a prolate Sphe- 
at void like the Moon is generated. 

/ h The aforeſaid Ratio comes ſo near the Ratio 
ich of equality, that the prolate Spheroidical Fi- 
— R gure 


Ratio of the Gravity on the Surface of the 
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re of the Moon, ariſing from it, differs very 
Fierle from a Spherical one. | 


ProPosITION LXIV. 


IF the Globe of the Earth was every where covered 
with a deep Sea, it would nearly put on an ob 
Spheroidical Figure, whoſe Axis produc d wou'd pft 
tbro' the Moon. | Fig. $61 r 
Let a Circle, whoſe Center is 7, repreſent 
the Earth, and a Circle whoſe Center is L the 
Moon: It is plain, that if neither the Moon not 
any other Body acted on the Earth, if the 
Earth was every where cover'd with a Fluid, it 
wou'd be Spherical, except ſo much as its Fi- 
gure wou'd differ from a Sphere upon account 
of the reaſons ſhewn in Prop. 31. B. 1. which 
deviation is not to be taken notice of here. But 
becauſe all the parts of the Earth gravitate to- 
wards the Moon, and the Gravity towards the 
Moon (as well as towards any other Body) is 
reciprocally as the Square of the Diſtance from 
its Center; if (as it has been explain'd at large 
in the 6o*h Prop. of B. 1. and in Prop. 1, B. 4.) 
the Right line L is put for the accelerating 
Gravity of a Body plac'd in the Earth's Cen- 
ter towards the Moon, and E (in the firſt fg.56.) 
be any Particle of the marine Fluid or of the 
Sea, and if in the Right line LE (or LE pro- v 
duced) LK be taken equal to LT, and LF be 
taken ſuch as to he to LK in a duplicate Ratio Wh te 
of LK to LF; LF will expreſs the Gravity of MW w 
a Body plac'd at E towards L, which (as is T 
commonly known) is divided into Forces, W 
which are as FG, and GL, and in the Di- to 
rections of thoſe Lines: But if from that w 
Force, by which the Body, poſited at E, s WW a 
urg'd, you take away a Force which is as " fl 
| | ; TH 


9K 
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by which the Center of the Earth, together 
with the whole Earth, is urg'd towards the 
Moon; there will be left Forces as FG and GT, 
with the Directions FG and GT, by which a 
Body at E is urg' d, beſides the Force of the 
proper Gravity, by which E tends towards the 
Center of the Earth. In the ſecond 5g. 56. 
things remaining as before, let C be a Point of 
the Earth, to which the Moon is in the Zenith, 
and A one to which the Moon is in the Nadir, 
B and D the Points round about (or rather a 
Circle) to which the Moon is in the Horizon. 
Ie is plain that the Point G is very much diſtant 
from 7, when the Point E is either in C or in A: 
In the firſt caſe, G will change its Place and get 
to M, and in the latter caſe to N. But when 
the Point E is found in the Circle BD, the 
Point G nearly | coincides with 7, and in the 
parts of the Fluid in the ſaid Circle BD, there 
z no Force left beſides that of their own Gra- 
vity, and the Force FG in the direction FG; 
but FG in this caſe becomes BT or DT, the 
Point F falling in with K. Since therefore the 
ng particles of the Fluid at C and 4, beſides their 
n- Wy own Gravity towards the Center Z, are urg'd 
by Forces, as MT and NT, that is, thoſe ar C, 

he wich the Force A in a direction from M to- 
to- wards 7, that is, from C towards L; and thoſe 
be at A with the Force NT in a direction from N 
f towards 7, that is, from A towards A; they 

will not gravitate ſo much towards the Center 
Tas if the Force ariſing from the Moon was a- 
way: But the Particles at C are more attracted 
towards the Moon, than the whole Earth, 
which is look d upon as plac'd in the Center 7; 
and the Particles at A are leſs drawn towards 
the Moon than the whole Earth at 7, and _ 
| ore 
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fore being as it were left behind after the Earth, 
are affected after the ſame manner as if they 
were drawn to contrary parts towards A: But 
the Particles in the Circle BD, to whoſe Inha. 
bitants the Moon is in the Horizon, have more 
Gravity towards 7; for beſides their proper 
Gravity, another, as BT or DT, ariſing from 
the Force of the Moon, is ſuperadded in the di. 
rection from B or D towards 7. But in the in- 
termediate Places between A or C, and B or, 
partake of both theſe conditions, of which the 
Geſt-or the laſt prevails as they are nearer to the 
firſt or to the laſt Places; namely, by how 
much nearer the parts of the Terreftrial Fluid 
are to the Points C and A, by ſo much leſs hes. 
vy are they, becauſe the action of the Moon 
(that is, a Force as G T) diminiſhes the Force a 
their own Gravity towards 7, and by how much 
nearer they are to the Points B and D, by ſo 
much heavier are they, the ſame Action of the 
Moon, encreaſing their proper Gravity in that 
eaſe by a Force as FG. But as the Globe 4 BCD 
is ſuppos'd every where cover'd with a pretty 
deep Fluid, that is, ſuch a one whoſe Particle 
eafily yield to each other, and whoſe proper 
Motion is very free; it is plain that thoſe parts 
of the Fluid which are at A and C, will be 
thruſt out by the parts which are at B and O, 
namely, the Lighter by the Heavier, according 
to the Laws of Hydroſtatics. Therefore the 
Fluid at A and C, and near thoſe Points, will 
ſtand up or be rais d, but in the Circle B D and 
near it, it will ſubſide, till the greater Quantity 
and Height of the one is compenſated by the 
greater Gravity of the other; ſo that Earth if 
every where cover'd with a deep Fluid, will 
form itſelf as it were into an oblong ane 

01. Whole 
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whoſe Axis is 4 C a Right line which produc d 
will paſs thro” the Moon. & E D. 
11h; mn: 9. ahbe iche 
For the ſame reaſon the Terreftrial Fluid will 
put on nearly an oblong dpheroidical Figure, 
whoſe Axis produc'd goes thro! the Sun: For if, 
in the foregoing reaſoning, the Body L does not 
ſignify the Moor, but the Sun, the Propoſition 
is plain, But the Axis of this Spheroid does 
not ſo much exceed the Diameters which are 
icular to it, 25 it does in the Spheroid 
that the Moon produces. For, becauſe the E- 
eration of the Fluid at C, under she Moon L, 
uiſes from this, that it gravitates more towards 
the Moon than the Earth itſelf (which is to be 
look d upon as plat d at J,) hecauſe it is nearer 
to it; but its; Blevation at the Point A ariſes 
tom this, that the Earth at 7:gravitates more 
towards the Moon than the Fluid at A as being 
erer to it; the Fluid at C drawn by the Moon 
oo uſe Kepler's Expreſſion) leaves the Earth be- 
bad it, but the Fluid at 4 is as it were left by 
« WT the Earth: If this is occaſion'd by the Sun's A- 
(Gon, the Effects won't be ſo ſenſible, becauſe 
ts 
be 


y * 
Tak it 


5 


the demidiameter 7C or TA of the Earth almoſt 

vaniſhes, in reſpect of the immenſe Diſtance 
5 between the Earth and the Sun, which, in re- 
1 ſpect of the Diſtance between the Earth and 
ne che Moon (which ſcarce exceeds thirty Diame- 
in Lets of che Earth) is ſenſible enough; and there- 
nd ſore the Gravity of the Fluid at C is but inſenſi- 
iy bly/ greater towards the Sun than at 7, and the 
he WM Gravity of that part of the Fluid which is at A 
\ if inſenſibly leſs than the Gravity of the part of 
vill it which is at 7; whence the Spheriod thus pro- 
a ducd by the Sun will be but little rais'd above a 


Sphere 
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Sphere at its Vertices C and d, and little de. 
preſs d below the ſurface of a Sphere in the Cir, 
cle BD. Vet this Elevation of the Terreſtria 
Fluid in C and A, and the Depreſſion of it in 
the Circle B P, will be ſomething ſenſible, up- 
on account of the immenſe Forces of the im. 
menſe Body of the Sun, tho at a vaſt diſtance. 


F | DROP OSTt TIN LXV. _ 
| HE Flowing and Ebbing of the Sea are owing 
" to the N Spberoidical Figur es of 970 
that covers the Globe of the Earth, whoſs Axes pn. 
I duc'd go thro” the Sun and Moon, | i 
| F. Kepler was the firſt (that I know of) that 
diſcover'd the true cauſe of the Tide, and he 
explains it largely in his Introduction to the Ph. 
Joes of the Hetwens, given in his Commentaries u 
the Motion of the Planet Mars, whe re after he hus 
ſhewn the Gravity or Gravitation of all Bodiz 
towards another, he thus writes : The Orb of th 
attratting Power, which is in the Moon is extended « 
far as the Earth, and draws the Waters under the 
Torrid Zone, acting upon places where it is vertical, 
inſenſibly on included Seas, but ſenſibly on the Ocean, 
whoſe Beds are large, and the Waters have the liberty 
of reciprocation, that is, of riſing and falling; and in 
the 7oth Page of his Lunar Afronomy, —— But the 
cauſe of the Tides of the Sea appear to be the Bodies 
of the Sun and Moon drawing the Waters of the Ses. 
Afterwards that incomparable Philoſopher Sir 
Iſaac Newton, improv'd the hint, and wrote fo 
amply upon this Subje& as to make the Theory 
of the Tides his own, by ſhewing that the Wa⸗ 
ters of the Sea riſe under the Moon and the 
Place oppoſite to it: For Kepler believ'd that 
the Impetus occaſion'd by the preſence of the 
Moon, by the abſence of the Moon won 
2 8 another 
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avother Impetus; till the' Moon returning, ſtops 
and moderates the Force of that Impetus, and 
carries it round with its motion. Therefore this 
pheroidical Figure which ſtands out above the 
Sphere (like two Mountains, the one under the 
Moon and the other in the place oppoſite to it) 
together with the Moon (which it follows) is 
carried by the Diurnal Motion, (or rather, ac- 
cording to the truth of the matter, as the Earth 


ans towards the Eaſt it leaves thoſe Eminen- 
| WW cies of Water, which being carried by their own 
„notion ſlowly towards the Eaſt, are as it were 


unmov'd) in its journey makes the Water ſwell 
twice and fink twice in the ſpace of 25 Hours, 
in which time the Moon being gone from the 
Meridian of any Place, returns to it again. But 
becauſe (by the Schol. of the foregoing Prop.) 
the Terreſtrial Fluid riſes alſo in the Places 
where the Sun is in the Zenith or Nadir, tho? 
ls than when the Moon is in thoſe Places; 
in the Conjunction and Oppoſition of the Lu- 
minaries the ſaid Eminences of Water will alſo 
ade joyn'd, the greateſt Elevation will happen 

when both the Luminaries are (at the Conjuncti- 
on) in or near the Zenith, or (at the Oppoſition): 
the one in the Zenith and the other in the Nadir; 
alſo the greateſt Depreſſion will happen when the 
Luminaries are both at the Horizon, becauſe the 
Wates is at one time raiſed by both the Forces, 
and at another time hinder' d by them. In the 
Quadratures of the Luminaries the Sun raiſes 
the Water where the Moon depreſſes it; and 
from the differences of the Forces the leaſt ele- 
vation of the Water ariſes, and alſo the leaſt de- 
preſſion. Between the Syzygies and Quadra- 
tures of the Luminaries, the Effects appear to 
be intermediate, as the Cauſes require they 


ould, / if 
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If the Moon is in the Equinoctial Circle; th 
two oppoſite Eminences of Water will be in thy 
Terreſtrial Xquator, and each of them defer, 
bing with irs Motion that Circle of the Ear Wilt 
willbe more agitated, and therefore will be rast 

up higher againſt the Shore when it reaches i; 
beſides that ſince the Earth's Diameter is greater 
than any other Right line drawn thro' the Ces. 
ter of the Earth and terminated on either ſide by 
its Surface; the Water will by the Forces of thy 
Luminaries be raiſed (ceteris paribus) to a great 
height in that Circle than any where elle. An 
therefore when the two Luminaries are in Coy 
junction or Oppoſition in the 'Aquator, ti 
joyn their Forges to raiſe the Water in the Ter 
reſtrial AXquator,which happens in the Syzygi 
near the Æquinox; that is, ſuch as happen a 
the Months of March and September; the Tits 
then produc'd will be the greateſt. and the md 
agitated, and the Tides which in the fail 
Months happen in the Quadratures will be the 
leaſt of all and the leaſt agitated, as being tht 
Effects of the difference of the Forces of ti 
Moon in its greateſt Declination from the & 
quator; (namely, when che Moon is in Quadrs 
ture to the Sun in the Equator, and therefor 
in the Solſtitial Points of the Zodiac) and then 
fore produces the leaſt and leaſt agitated Tide 
and ſo being the occaſion that the Sun, which 
has no Declination, produces its greateſt and 
moſt agitated Tides; the contrary of which 
happens about the Solſtices, when the lea 
Tides happen whilſt the Luminaries are in tis 
Syzygies, (I mean the leaſt of thoſe that do hap 
pen in the Syzygies) and the greateſt (taken in 
the ſame Senſe) in the Quadratures. 


Again, 
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Again, the Tides (ceteris paribus) are greateſt 
when the Luminaries are in their Perigzum, 
and leaſt when in their Apogzum ; and as that 
Whappens to the Moon at the time of every Lu- 
ation, but to the Sun only in Winter; this; 
joynd with the forrner cauſes, occaſions the 
greateſt Tides to happen in the Syzygies, and 
the leaſt in the next Quadratures before the 
Vernal and after the Autumnal Æquinox. 
We have hitherto conſider'd the Properties of 
the Tides as they affect the whole Globe of the 
Earth: Now we muſt conſider them accordin 
s they happen in Habitations or Places of dit 
rent Latitudes. In order to which let BERA NH 
g. 56.] repreſent the Earth, whoſe Center is 
„the Pole A and B, this the North Pole and 
e other the South Pole, E A the Æquator, 
ind the Circles CD, FG, two Parallels to it, 
he laſt being on the North- ſide, and the firſt 
n the South-fide of it. Let the Fluid circum- 
d about the Earth, form it ſelf into an oblong 
dheroid pointing to the Moon, whoſe Axis 
H, being produc d beyond E, will go thro' 
he Moon, as has been ſhewn in the foregoing 
Prop. the Right line TH, or TK, will be the 
rreateſt Height of the Water (reckoning from 
he Center) and TM or TN the leaſt, namely, 


Lide Height of Water char is found in any Point 
nich che Circle NAA; as for Example, X or Y where 
ant ects with the Parallels CD and FG. The 
mich icht lines TC, Z F. TD and TG, will ſhew the 
leaf eight of the Water in the reſpective points 


J, D, and G; and the Circle P O being drawn 
arallel to the Circle N, the Right line 70 
vill be equal to the Height of the Water in the 
Points O,Y,S,R and P, where the ſaid Circle PO 
neets with the Æquator and the reſpective Pa- 


gain, this 
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rallels. Things being thus laid down, let uz 
conſider the Place which by its Diurnal Motion 
deſcribes the Parallel C D: It is plain, that when 
this place is in D, the Height of the Sea T0, i; 
the greateſt; that is, that it is high Tide or 
Flood when the Moon L is in the Meridian; 
but afterwards that in the ſame Place the Height 
of the Water is the leaſt, when the Place by it 
revolution is come to X, as has been fhewn be. Ncie 
fore; and again, that it is Flood when the Place ig 
is come to C. But becauſe T is greater thai ſhe: 
TC (as being nearer to the longeſt line TH in 
the preſent caſe when the Moon declines to the 
elevatedPole, the Height of the Sea will be grew Mitte 
ter when the Moon is in that part of the Meridian Nhe 
above the Horizon, than when it is in the partof ion 
the Meridian which is below it. Likewiſe 70 
leſs than TF, being nearer to TM; that is, inthe Mae 
Place, which by its Diurnal Motton deſcribes the 
Parallel Fo, the greateſt Height of Water, which to 
happens when the Moon declining towards the 
depreſs'd Pole B, is in that part of the Meridian 
which is above theHorizon, is leſsthan the great- 
eſt Height which happens whilſt the Moon i 
come to the other half of the Meridian. | 

Moreover, the difference of the ſaid Tide, 
which is alternately higher or lower (in a Place 
ſituaced out of the Æquator, as the Moon comes Bir. - 
to the viſible or hidden part of the Meridian) 
will be. greater, if ic be joyn'd with ſome of the 
_ cauſes before explain'd which produce the ſame c 
kind of effects, as for Example, at the time 0 
the Solſtices; for then each Luminary ver) 
much declines from the Equator, on which 
Declination it has been ſhewn that the altera. 
tion of the Tides depend. And the Effects wil vi 


yet be encreas d, if the aſcending Node of the %a 
| Moons: 
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Moon's Orbit be in the Vernal Aquinox ; for 
then the Moon being in Conjunction with the 
Sun, beſides a Declination equal to the Sun's 
greateſt Declination, does then (being in the 
Limit) decline ſtill more to the North or South 
by the Quantity of its greateſt Latitude. 

Things would be exactly thus, if the Globe 
of the Earth was cover'd with Water of a ſuffi- 
cient depth ; but by reaſon of great and ſmall 
Iſlands which ſtop the Tide, and the Streights 
between them, alſo the Shelves and Shallows, 
along which the Tides are to be propagated, 
Die variety of this Phænomenon is almoſt infi- 
ite. But when you know the ſituation of 
hem in reſpe& of each other, and juſt obſerva- 
jons of the Tide are exactly had, you may. find 
ut the Reaſons of all the particular Phænome- 
a of the Tide, becauſe they naturally flow from 
phat has been laid down. But as theſe are not 
to our purpoſe, and even what we have hither- 
oſhewn, are only as Lemma's for determining 
he Figure of the Moon, we ſhall not enter upon 
he detail of ſuch Particulars. age 


ProPosITION LXVI. LEM MA. 
F the Moon Globe was every where covered with 
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10 4 dee) Sea like our Sea, it wou'd put on the Fi- 
a ure of an oblong : Spheroid whoſe Axis produc'd wou'd 
) 


aſs thro' the Earth: And the Height of the Lunar 
id, in the parts of the Moon which are towards 
, and thoſe that are turn'd from us, above a Sphere 
crit d in the Spheroid, wound be to the analogens 
[eight of our Sea in the parts which are under the 
vn, and thoſe which are diametrically oppoſite to 
em, above 4 Sphere inſcrib'd in the Spheroid, in a 
atio compounded of the Ratio of the accelerating 
ravity of the Moon towards the Earth, to the ac- 
trating Gravity of the Earth towards the Moon, 

Ooo and 
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and the Ratio of the Moon's Diameter to the Earth. 
Diameter. 7 
That the Lunar Fluid wou'd rife up into a 
Spheroidical Figure, whoſe Axis wou'd paſs 
thro' the Earth is plain from the ſame Argy. 
ments, which we made uſe of in the 647 Pry, 
to prove that the Terreſtrial Fluid wou'd put on 
ſuch a Figure. For ſince it has been ſufficiently 
ſhewn in the firſt Book, that all Bodies are hes. 
vy, we may very well ask with Kepler, in li 
Lunar Aſtronomy, Why we may not ſay that the Earh 
draws the Lunar Waters, as well as the Moon draus 
the Terreſtrial Waters ? Moreover, if the accele 
rating Gravity of the Earth towards the Moon 
was equal to the accelerating Gravity of tht 
Moon towards the Earth, (that is, if there 
was the ſame Quantity of Matter in the Moan 
as there is in the Earth; ) it is plain that the 
Fluids of the ſame Denſity with which thele 
two Globes are covered, will put on fimilk 
Spheroidical Figures. For there can not Is 
any reafon hong of why the Fluid of on: 
Globe ſhou'd riſe into a more ſharp Spherail 
than that of the other: For, excepting thi 
Maſs alone, in the preſent caſe, all things art 
equal on both ſides. And when all things nv 
ceſſary for producing every kind of Equali 
are ſuppos'd, except the Maſs, inſtead of al 
kind of Equality a Likeneſs or Similarneſs wil 
be produc'd, The two Schemes [ fg. 58.] wil 
ſhew the ſimilar Spheroidical Figures in whichths 
Moon (whoſe Center is L)and the Earth ( whole 
Center is I) wou'd raiſe alternate Fluids of equi 
Maſs or Denſity; LB, TA the Axes of thoſe H 
gures wou d lye in directum, by Prop. 64. If the 
Spheres FD, EC, cutting the Axes in C and} 


bs ſuppos'd to be inſcrib'd in theſe Spheroth | 
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by reaſon of the ſimilarneſs of the Sphetoidical 
Figures in the preſent cafe, B L will be to LF 
2s TA to TE, and by dividing, BD to LF, as 
ACtoTE, and again, BD to AC, as LF to 
TE; that is, if the accelerating Gravity of the 
Earth towards the Moon, and of the Moon to- 
wards the Earth was equal, the Elevation of the 
Lunar Fluid in the neareſt and the remoteſt 
parts above the inſcrib'd Sphere, wou'd be to 
the analogous Elevation of the Terreſtrial Fluid 
lin the places under the Moon and thoſe that are 
ppoſite to it, as the Diameter of the Moon to 
the Diameter of the Earch. Again, if the 
Earth and the Moon had equal Diameters, the 
Heights above the inſerib'd Spheres, to which 
Fluids of equal Denſity wou'd riſe, wou'd be 4s 
he accelerating Gravities in the attracting Bo- 
lies themſelves ; that is, the Height of the Sphe= 
did to which the Lunar Fluid is rais'd above 
he Sphere, in the parts neareſt to and fartheſt 
emov'd from the Earth, wou'd be to the like 
r ſimilar Height of the watry Spheroid above 
he inſcrib'd Sphere, to which the Terreſtrial 
[uid is rais'd, as the Moott's accelerating Gta- 
ty towards the Earth, to the — 
ravity of the Earth toward the Moon. An 

erefore tho neither the accelerating Gravity 
ff the Earth towards the Moon be equal to the 


; wil ceelerating Gravity of the Moon towards the 
wi arch, nor the Diameter of the Moon equal to 
ch the Diameter of the Earth; yet the Height of 
whole he Lunar Fluid above the Sphere (infcrib'd in a 
 equilWpheriod) on thoſe parts of the Moon which 
oe ke turn d towards us, and thofe which are 


nd from us, will be to the analogous Height 
d which our Sex, in thoſe places that are un- 
er the Moon, and ſuch places as are diametri- 
| Q003 cally 
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cally oppoſite to them, does riſe above the 
Sphere inſcrib'd in the Spheroid, in a Ratio 
compounded of the Ratio of the Moon's Dia. 
meter to the Diameter of the Earth, and the 
Ratio of the accelerating Gravity of the Moon 
towards the Earth, to the accelerating Grayity 
of the Earth towards the Moon, Q. E. D. 


PROPOSITION LXVII. 


FAO define the oblong Spheroidical Figure of th 
| Moon. 171 5 
It has in former Propoſitions been ſhewn, thy 
the Moon was ſome time every where covert 
with a Fluid (which appears from its Spherical 
Figure) and that that Fluid has been of an oh 
long Spheroidical Figure, whoſe Axis goes thro 
the Earth, But becauſe almoſt the ſame Fax 
of the Moon is always turn'd towards the Earth, 
(which happens upon account of the Moon; 
Period about its own Axis being equal to it 
Moon's Period about the Earth, as was ſhem 
in the 68*h Prop.) the Situation of the Emines 
cies of that Spheroid beyond the Globe of th 
Moon will always be the ſame on the Moon 
Surface. Then as the Fluid or ſoft Matter d 
the Moon, became hard by degrees, the EH. 
nences of this Spheroid on the Moon's Surface 
being at reſt, alſo became hard, and the Mon 
from ſoft becoming hard, retains this oblag 
Spheroidical Figure; otherwiſe than it happes 
in the Earth, in which the Fluid Eminence 


the Spheroid above the inſcrib'd Sphere, updl 


account of the ſwift Motion of the Earth abol 
its own Axis are in a perpetual Rotation aboi 
the Earth and preſcrve their Fluidity. 


Io determine of what kind this SpheroiiWoy 


mi 
| 


Figure is, we mult obſerve that in the fore Con 
ME | | | , 2 25 fy 1 


* 
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ing Prop. it has been demonſtrated that the Ex- 
cel of the Axis of an oblong Spheroid above 


ce Diameter perpendicular to it, is to the Ex- 
e ceſs of the greateſt Height of our Sea, occa- 
fond by the Forces of the Moon alone above 


the leaſt Height of it in a Ratio compounded 
of the Ratio of the accelerating Gravity of the 
Moon towards the Earth, to the accelerating 
Gravity of the Earth towards the Moon, and 
the Ratio of the Moon's Diameter to the Dia- 
meter of the Earth: But each compounding 
Ratio is given, the firſt from the 624 Prop. the 
haſt from Prop. 59; therefore the compounded 
Ratio is given, namely, the Ratio of the Exceſs 
of the Axis of the Moon's Spheroid above the 
Diameter which is perpendicular to it, to the 
xceſs of the greateft Height of our Sea, occa- 
fon'd by the Force of the Moon alone above 
the leaſt, But this Exceſs is given by Obſerva- 
on; therefore the other alſo, namely, the Ex- 
el of the Axis of the Lunar Spheroid above 
e Diameter perpendicular to it: But the 
Moon's Diameter is given, by Prop. 59; there- 
lore alſo the requir'd Axis of the oblong Sphe- 
oid. And therefore alſo the Moon's oblong 
dpheroidical Figure is defin d. Q. E. F. 

The Figure of the Moon is compounded of 


Moon he prolate Spheroid, defin'd in Prop. 63. and 
blot the oblong one determin'd in this 67th Pro- 
my poſition. But if its Surface was coyer'd with 


Fluid, there would beſides be a third ob- 
long Spheroidical Figure, made by the diſtur- 
bing Force of the Sun, whoſe Axis produc:d 
oud go thro the Sun, and therefore whoſe 
W-minences, in one Rotation of the Moon a- 
out its own Axis, wou'd go over the whole 
ompaſs of the Moon like our Tide. The 

OOO 3 high- 
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higheſt Elevation of this Fluid above the de- 
fin'd Figure of the Moon, wou'd be to the 
Elevation of our Sea, produc'd by the Sun; 
Force only, as the Diameter of the Moon to 
the Diameter of the Earth, and therefore 


own. 
. has been ſaid of the Earth and of the 
Moon. its Satellite, is alſo true of Jupiter and 
Saturn and their Satellites, if thoſe great Bodie; 
either now are, or have formerly been Fluid; 
For the mutual Gravity of Bodies, the Endes. 
your to recede from the Axis of Motion in r0- 
rated Bodies, and the nature of a Fluid, are the 
ſame at Jupiter and Saturn as at the Earth, 


— — 


SECTION XIII. 
Of Saturn's Ring and its Phaſes, 


Aving ſhewn and demonſtrated the Geo. 

metrical Methods by which the reaſons df 
what has been obſerv'd of the Secondary Pl. 
nets and their Phaſes are explain'd, and their 
Quantities are determin'd, the ſame muſt be 
done in reſpect of the Ring or Arch which en. 
compaſſes Saturn, becauſe it may be look d up- 
on as a Satellite, and therefore ought here tt 
be ſpoken of, now that we have explain d other 
things congerning Satellites, 


PrRoPosITION LXVIII. 
O define the 1 Figure, and Situatin 
of the Ring which encompaſſes Saturn. 


Saturn's Ring is thin, plane, and no whe! 
cohering to Saturn's Globe; [ fg. 59.) the laſt ol 
which is plain, becauſe we can ſee the Fix 

| Stats 
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Stars thro the Space G CB, between the Ring 
and Saturn. 

The Semidiameter of the Ring is to the Semi- 
diameter of Saturn as Two and a half to One, 
and the Interſtice between the Globe of Saturn 
and GCH, the inner Limb of the Ring is equal 
to CD, the breadth oi the Ring. Its two Sur- 
faces, viz. GD FHC een here, and the other 
hidden one parallel to it, are Planes, but yet 
not poliſh'd like a Speculum, but reflecting the 
Light of the Sun that falls upon it, every way. 
The thickneſs of the Ring, or the diſtance be- 
tween the two ſaid Planes, is ſenſible, tho' not 
very great: It either does not at all, or does but 
very little reflect the Sun's Rays falling upon it; 
or perhaps like a Speculum, reflects the Light 
diverging from one Point, and not coming at 
the Earth. | 

This Ring, (which, upon account of its Gravi- 
ty towards the Center of Saturn, is like an Arch 
erery where ſuſtain'd at an equal Diſtance from 
Saturn) if it has any Revolution, has it about 
l ts own Axis, or a Right line drawn from the 

„Center perpendicular to its parallel Surfaces ; 
and therefore, by reaſon of its Uniformity, ap- 
pears to a diſtant Obſerver to be at reſt. It is 
very probable. that Saturn itſelf revolves abouc 
the ſaid Axis upon the Poles P, p; ſo that the 
Ring, in the produc'd Plane of Saturn's Æqua- 
tor, encompaſſes this Planet at a Diſtance from 
ts Surface ſomething greater than the fourth 
part of its Diameter. 

All theſe things appear to an Eye aſſiſted with 


100 
e * Teleſcope, and are meaſur'd by the help 


cher et a Micrometer; that is, are compar'd with 
xt ai che Globe of Saturn. 


Fix d 
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Saturn encompaſs d with his Ring, is carried 
about the Sun in its Orbit, after the ſame man. 
ner as the Earth in its Orbit, which we have de- 
ſcrib'd in the zoth Prop. of Book 1. namely the 
Ring, and therefore perhaps the Æquator of 
Saturn, are carried in the Plane of the Orbit, 
the Axe always being parallel to itſelf; and the 
Plane of the Ring is always inclin'd in the ſame 
Angle, namely, of 234 Degrees, to the un. 
mov'd Plane of the Ecliptic, and therefore al. 
ways in the ſame Angle to the Orbit of Saturn. 

About the Year of our Lord 1659, the con. 
mon interſection of the Ecliptic and of the 
Plane of Saturn's. Ring, was obſerv'd by Cr; 
ſtian Hugens, to be in the 205 Degree of Virgy, 
and the 205 Degree of Piſces: For at that time, 
when Saturn was in thoſe Points, it appear 
without Handles or its Ring; in the 205 Degree 
of Gemini and Sagittarius, namely, the moſt re. 
mov'd Points from the former, the Handles ap- 
pear'd the moſt open and drawn aſunder, be. 
cauſe the Circle of the Ring being then ſen 
with very little Obliquity, puts on the Figur 
of a broad Ellipſis. But becauſe the ſaid Points 
at 205 Degrees of MM, and of , are not ver 
far diſtant from the Points where the common 
Interſection of the Terreſtrial Æquator, with 
the ſaid Plane of the Ecliptic, going thro' the 
Sun mcets with the Ecliptic, and theſe two 

Planes are inclin'd in equal Angles to the Plane 
of the Ecliptic ; theſe two Planes, namely, 
that of the Aquator, and that of Saturns 
Ring, will be nearly parallel to each other. 
And therefore if this Ring be obliquely look'd 


upon from the Earth, and for this reaſon ap- 


pears Elliptical, the greater Axis of this Ellipſe 
Will ve nearly parallel to the Celeſtial Aquator. 


0 
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It is likely that the ſaid Right line (which is 
che common Interſection of the Plane of the 
Ring of Saturn, and the Plane of the Ecliptic) 
is carried in antecedentia, by an angular Motion. 
If this Ring be connected with Saturn's Æqua- 
tor magnetically, or by any other impercep- 
tible manner (for it is plain from Obſervation 
that it touches it no where, ) ſo that the Planes 
of them may always coincide in one; Saturn's 
Equinoctial Point will go backward: For this 
Ring is ſo much redundant Matter about Sa- 
turns Æquator; whence (by Prop. 64. B. 1.) we 
find the Motion of thoſe Points in antecedentia, 
after the ſame Manner as that of the Terreſtrial 
Equinoctial Points. If the Ring, like a Se- 
condary Planet, performs its Motions, not de- 
pending upon Saturn's Globe, the Regreſs of 
the foreſaid Line will be plain, from Prop. 14. 
Bub N 1 

PG the Angle which the Plane of 
x. te Ring contains with the Plane of Saturn's 
en Orbit, will be greater, by Prop. 15. when Saturn 
Ire is in their common Interſection, than when it 
ns b any where elſe; and leaſt of all when Saturn 
15 moſt diſtant from it: But theſe Changes are 


ſo ſmall as to be ſcarce obſervable from the 
Earth. l fn Vogt 5 NR 


» 8 7” a rr > 2 _7T 5.7 7 


> © Racy, .. 


PrRoPostTION LXIX. 


T* deſcribe and define the Phaſes of Saturn's Ring, 
ſeen from the Sun. | Fig. 60. 

We begin by what Phænomena happen when 
the Spectators Eye falls in with, or is at the il- 
luminating Body, as being the moſt ſimple and 
leading to the others. Firſt, it is plain, that 
when Saturn is ſeen from the Sun, as at A or I, 
(in the Figure where we have repreſented Sa- 


turn, 
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turn, togetlier with its Ring carried parallel t, 


it ſelf, with the Figure of the Diſc's Appearance 


drawn teſpectively behind each Repreſentation 
of Saturn) that we can ſee neither Face of the 
Ring, and that upon a double account: Fay 
firſt, ſince in that caſe the Plane of the Ring 
produc'd goes thro the Sun, neither Face of it 
will be enlighten'd, the Sun's Rays only ſliding 
by on each ſide of it, therefore it can't be ſeen, 
as being obſcure; then, ſince the Eye is alſa 
plac'd in the Sun, that is, in the Planes to be 
ſeen produc'd, thoſe Surfaces, tho' enlighten'd 
cou'd not be ſeen. If the Edge of the Ring 
ſhou'd, like the Planets, every way reffect the 
Sun's, Rays falling upon it, two bright Am 
wou'd ſtand out in a Right line inclin'd to the 
Ecliptic, in an Angle of 234 Degrees; but 
ſince this Edge does not refle& the Rays (as has 
been ſhewn in the foregoing Propoſition) the 
Arms will not appear extended beyond Saturn's 
Diſc ; but becauſe the Ring croſſes Saturn's en- 
lightned Diſc, it will look like a dark Line it- 
clin d in the manner before mention'd, drawn 
thro' the Center of the Diſc: But this dark 
Line alſo will appear in other Poſitions, ſome- 
times above the Center of the Diſc, and ſome- 
times bent below it, as the Situation of the 
dark Edge requires. 

As Saturn goes from 4, thro' B, c, &c. to- 
wards E, or from I, thro' K, L, &c. towards N, 
the Sun is by degrees rais'd above the Face of 
the Ring, either the one or the other, till Sa- 
turn being come to E or N, a Plane drawn 
thro' the Sun and Saturn, perpendicular to the 
Plane of the Ecliptic, is alſo perpendicular to 
the Plane of the Ring, and the Sun is rais'd a- 
bout 235 Degrees above the Plane of the Ring, 

| al 
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in which caſe that Face of the Ring, which 
the Sun _—_—— is moſt illumiated of any, 
by reaſon 0 

which are then very direct: And the Circular 
Limb of the Ring, the Eye being alſo plac'd 
in the Sun, will, from the Laws of Optics, ap- 
pear an Ellipſe, whoſe greater Axis is three 
times the length of the lefler, as the Radius is 
almoſt three times the Sine of 234 Degrees. 
And then as Saturn goes from E, thro” F, G, &c. 
towards J, or from N, thro O, P, &c. towards 4, 
the Sun's Elevation above the enlighten d Face, 
is by degrees diminiſh'd, till at laſt it enlightens 
neither Face, but throws its Rays along or pa- 
rallel'to both of them. In any intermediate 
Situation the enlighten'd Face will be more or 
leſs ſo, according to the greater or leſs Diſtance 
of Saturn from the Situation 4 or 7, and the 
circular Ring will appear under the Shape of a 
more contracted or more dilated Ellipſe ; name- 
ly, its greater Axis will be every where to its 
leſſer, as the Radius to the Sine of the Angle in 
which a Right line, drawn from the Eye to its 
Center, is inclin'd to the Plane of the Ring. 
The foreſaid Angle in which the Sun (or an 
Eye in the Sun) is rais d above the Plane of the 


Ring, in any Situation of Saturn (namely C) 


is equal to the Angle in which the Sun is rais d 
above the Plane of the Terreſtrial Aquator, 
(that is, to the Sun's Declination from the . 
quator) when the Earth is diſtant from the 
Point where it is Æquinox to the Inhabitants of 
the Farth, by an Angle equal to ASC, and 
therefore it may eaſily be found by the Table 
of Declination of the Points of the Ecliptic : 
For (by the foregoing Prop.) the greateſt Eleva- 
tion of the Sun above the Plane of the Terre- 


ftrial 


the incidence of the Sun's Rays, 
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ſtrial Æquator is equal to its greateſt Elevation 

above the Plane of Saturn's Ring. 

When Saturn ſticks near the Point 4, the 
Ring will leaſt of all be perceiv'd, not only be. 
cauſe the leſſer Axis of the Ellipſe is very little 
in ſuch a caſe, but chiefly becauſe it will be but 
very little enlighren'd, by reaſon of the obli. 
quity with which the Sun's Rays fall upon it, 
and therefore will be ſcarce perceivable to the 
Eye. But it is plain by experience, that to 
have the Face of the Ring enlighten'd, fo that 
it may be viſible, the Sun muſt be ar leaſt three 
Degrees above its Plane ; in order to which the 
Heliocentric Place of Saturn muſt be ſeven or 
eight Degrees diſtant from A or 7, and there- 
fore all the time that Saturn, ſeen from the dun, 
is on this fide or beyond the Point A or I (al- 
ready often deſcribed) it ſticks between ſeven or 
eight Degrees, that is, when in- the oppoſite 
part of its Orbit, it runs thro thoſe fifteen De- 
grees, which laſts about as many Months, its 
Ring and Arms or Handles which it makes will 
not appear; but Saturn will appear round and 
alone without any Ring. But theſe Limits will 
be different according to the different goodneſs 
of the Obſerver's Eye, and length and good. 
neſs of his Teleſcope. Theſe are the chief 
Phænomena of the Ring that encompaſſes da- 
turn, {cen from the Sun; and this is the Man- 
ner of determining them. ö 


SCH OLIVYV M. 


For the ſame reaſon, the Ways of the Satel- 
lies revolving about any Primary Planet, ſeen 
trom the Sun, appear ſometimes ſtreight, ſome- 
times Elliptical: Streight when the Line of the 
Nodes of the Satellites produc'd goes _— the 

un; 
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Sun; when. alſo the Satellite ſeen from the 
Sun been very much diſtant from its Prima 

Planet, declines alſo very .much from the way 
of the Primary ſeen from the Sun, in which 
caſe the Eclipſe of that Satellite running into 
the Shadow of- the Primary, will be central, 
and therefore (cateri. paribus) very laſting, and 
the Shadow of the Satellite, running thro the 
lower part of its Ocbit, falling upon the Pri- 
mary, runs over the Center of the Diſc ſeen 
from the Sun. Whence the Phænomena of the 
Sun and of a Satellite ſeen from its Primary, 
will be defin'd, according to the foregiven Rule. 
Out of this Situation the Way of a Satellite, 
ſeen from the Sun, will appear to be an Ellipſe, 
(that is, a Circle ſeen obliquely, ) whoſe grea- 
ter Axis is not yet in the apparent Way of the 
Primary. This Ellipſe will have its ſhorter Axis, 
the leſs by how much nearer the Primary is to 
thoſe Points where the former Phaſis happens, 
and the greater by how much it is more re- 
mov'd from them; and therefore the longeſt 
of all (that is, this Ellipſe, which the Circular 


che upper part of its Orbit, will be very ſar di- 
ſtant 


boos Mena , 
N N N * 
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mary, and in the lower part of it, the Shadoy 
of the Satellite will alfo be very diftant fron 
the Center of the Diſc of its Primary ſeen 
from the Sun; therefore according to the Incii. 
nation of the Plane of the Orbit of the Pr. 
mary, and according to the Magnitude of the 
Satellites Orbit, the Eclipſes ariſing hence vil 
be (ceteris paribus) either very ſhort, or perhaꝶ 
none at all. In the intermediate Place the &. 
tellite's Way about the Primary ſeen from the 
Sun, will be an Ellipſe of leſs breadth, and al 
the foreſaid things will be mix d. And all theſe 
Phaſes will happen twice in one Revolution of 
the Primary about the Sun, if the Line of the 
Nodes always remains parallel to itſelf ; if it 
moves, all variety of Phaſes will happen, from 
the time that that Line of Nodes produc'd fall 
into the Sun, till it be again directed towards 
it. And converſſy, from theſe Obſervations of 
theſe longer or ſhorter Eclipſes, the Poſition of 
the Line of Nodes of a Satellite, and the In- 
elination of the Plane of the Orbit of a Satel- 
lite to the Plane of the Orbit of a Primary, will 
be defin'd, f | 


ProPosITION LXX. 
x» deſcribe and define the Phaſes of Saturn's 
Ring ſeen from the Earth. 

Tho' the Phaſes of Saturn's Ring feen from 
the Sun are nearly the ſame with the Phaſes of 
it ſeen from the Earth, (becauſe Saturn's Geo- 
centrie Place, at moſt, ſcarce differs ſix Degrees 
from its Heliocentric Place) and therefore are 


to be defin'd by the foregoing Prop. Yet ſince 


they differ in ſome things, eſpecially becauſs 
Saturn 
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ſtant from the Axis of the Shadow of the Pn. 


4 2 
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Saturn appears round, we ſhall in a few Words 

ſew wherein they differ. 

Let 8, Lg. 61. ] be the Sun, A BIN the Or- 

bit of Saturn, DC T the annual Orbit of the 

Earth; (for we don't here conſider its Inclina- 

tion to the Orbit of Saturn as being very ſmall) 

and let A and I be the Places of Saturn's Orbit, 

in which Saturn is when the Plane of its Ring 

produ'd goes thro the Sun, and it is Equinox 
in Saturn, if the Ring be in the Plane of the 
Equator and Saturn revolves about its own 
Axis. It is plain that when Saturn is in A or [ 
the Ring will not be ſeen by an Eye in the 
Earth, whatever part of its Orbit the Earth is 
in: For ſince in that caſe neither Face of the 
Ring is enlighten'd by the Sun, neither Face 
will be ſeen by the Eye, tho rais'd high enough 
above its Plane. The Edge only of the Ring is 
enlighten'd, which yet is not ſeen, becauſe it 
does not reflect the Rays, at leaſt ſo as they may 
teach the Earth: Yet ſince it croſſes the bright 
Diſc of Saturn, it appears obſcure or like a 
dark Line, for the Reaſons explain'd in the fore- 
going Propoſition. 

Moreover, if when Saturn is got to B the 
Earth be in ſuch a Point C of its Orbit, that BG 
be parallel to 4 I, Saturn will alſo appear round: 
For tho' one face of the Ring be in that caſe 
enlighten'd by the Sun, an Eye on the Earth 
allo found in the Plane of the Ring produc'd, 
and therefore it does not ſee it but has only the 
dack Edge turn'd towards it : This happens 
when Saturn ſeen from the Earth, has behind it 
the ſame Fix'd Stars, which it had when the 
Eye was ſuppos'd in the Sun, and the Sun in 
the Plane of the Ring produc'd ; that is, when 
the Geocentric place of Saturn is the ſame * 

the 
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eaſily be known from Aſtronomical Tables. 


S N, drawn to Saturn from the Sun and the 


* * 
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the Heliocentric Place, (which happens when 
it is in the Plane of the Ring produc' d) as may 


Again, let Saturn be ſuppoſed in the ſituation 
E, the Earth in E, fo that the Plane of the Ring, 
or rather its common Section with the Plane 
of Saturn's Orbit, which is the Right line Hy 
parallel to IA, being produc'd, falls between 
the Sun & and the Earth E, which will happen 
when Saturn's Geocentrical Place and its Helio. 
centrical Place are at different parts of the Place 
deſcrib'd above in Prop. 68, where the Plane df 
the Ring produc'd falls on the Sun or Earth, 
which is readily known by Aſtronomical Table, 
eſpecially Ephemeris's ; for the Right line $ H 
ſhewing the Heliocentric Place of Saturn, fall 
on one ſide of the Right line HA, and EH,ſhew- 
ing its Geocentric Place falls onthe other ſide of 
the ſame Right line: I ſay, that in ſuch a caſe 
an Obſerver on the Earth will not ſee the Ring, 
{only that a dark line will appear to croſs Sa. 
turns Diſc) becauſe he can't ſee that face of the 
Ring which is expos'd to the Sun's Rays, as be- 
ing turn'd from him. For in that caſe, that 
face which is as a ſhadow is turn d towards the 
Earth. | 

On the contrary, when the Right lines TN, 


Earth, fall towards the fame parts of the aid 
Line NR, (the common Section of the Planes 
of the Ring and of the Orb of Saturn) as it 
happens when Saturn is in N; that is, when 
Saturn's Geocentric Place and its Heliocentric 
Place are on the ſame ſide in reſpe& of a Place 
above deſcrib'd, where the Plane of the Ring 


produc'd falls into the Sun; then the fame 
face of the Ring is turn d to the Sun and - " 
Arth, 


vt tn 
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Earth, and therefore (if the Reaſons given in 
the foregoing Prep. don't interfere) the enlighs - 
tened Face ſeems to give Saturn Arms or Haft 
dles; namely, if the Sun does enough enligh- 
ten the Ring, that its Light may affect the Eye; 
that is, if it be rais'd three or more Degrees a- 
bove the Plane of the Ring, or if Saturn be 
diſtant from the Point A or J eight Degrees or 
more, and the Earth alſo be rais'd one Degree 
or more above the Face of it, (for ſome ſenſi= 
ble Elevation is neceſſary for the Eye to have 
above the Plane of the Ring, left the Ellipſe, 


„ {Wwhich the Ring reprefents, ſhou'd appear like a 
„ eery ſmall Line, and ſo not reflect Light enough 
Ho affect the Eye ;) that is, if the Geocentric 


Place of Saturn be about three Degrees of 
more from the place where the Plane of its 
King produc'd falls upon the Earth, the Ring 
ill be viſible, as has been ſhewn in the fore- 
poing Prop. | 


54 To define what kind of Ellipſe the Ring at 
he ay time repreſents, we muſt obſerve, that 
be- ben its Plane is inclin'd to the Plane of the 
hat rdit of the Earth about 23 Degrees, where 


he Circle of the Ring appears the moſt direct 
ff all, a Line joining the Earth and the ſaid 
ircle will be inclin'd to the Plane of the Cir= 


the le in the ſaid Angle; and therefore in that 
ſaid {Wale the Circle will appear to be an Ellipſe, 
ans rhoſe greater Axis is three times longer than 
as it Ihe leſſer Axis. Moreover, in any other In- 


ination of a Right line joining the Earth 
nd Saturn to the Plane of the Circle, (we 
nult find the Diftance of the Geocentric Place 


Ring f Saturn from that Geocentric Place of it 
ſame Where the Plane of the Ring produc'd goes 
o the ("ro the Earth, by help of the Table of De- 
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elination of the Points of the Ecliptic, as above) 
its greater Axis will be to its leſſer, as the Radius 
to the Right Sine of the lately found Angle, in 
which the Eye is raisd above the Plane of thy 
Ring. And theſe are the chief Phaſes of the 
Ring ſeen from the Earth, and the manner d 
defining them. 2. E. F. ar hes | 
The Ellipſe alſo which repreſents. the inne 
Circle of the Ring is of the ſame kind, as be. 
ing in the ſame Plane with the outer one: By 
this Ellipſe is not the ſame with the perforated 
Figure, upon account of the thickneſs of the 
Ring. The hithermoſt half of this Figure i 
the ſame with part of the foreſaid Ellipſe; bu 
the furthermoſt part of it is equal and ſimilar iu 
a part of the Ellipſe, brought a little nearer u 
the Axis, as is plain from Fig. 59. 


SCHOLIUM. 

After the ſame manner from the Way or Tra 
of a Satellite about its Primary Planet, fea 
from the Sun, and determin'd by the foregoing 
Prop. may be determin'd the Figure of it, {© 
from the Earth at any time propos d. Forits 
plain that a Satellite will, to an Inhabitant d 
the Earth, appear to have deſcrib d a Right link 
when the Earth is found in the Plane of the Or 
bit of a Satellite, tho the Sun at that time | 
not in it; and that the Ellipſe (which, in allo 
ther caſes, it repreſents) comes neareſt to a Ci. 
cle, when a Right line joining the Earth anl 
a Primary Planet, is the leaſt oblique to tit 

Plane of the Orbit of a Satellite, tho' at td 
time a Right line drawn from the Sun to tit 
Primary Planet, is not the leaſt oblique that! 
can be to the ſaid Plane. And on the oth 
hand, from the Obſervation of the ſaid erg 
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F may be defin d the Situation of the Line of 
Nodes, and the Inclination of the Plane of the 
Orbit of a Satellite, to the Plane of the Orbit 
ich its Primary deſcribes about the Sun. 

: Moreover, the ſame things are true of the 
i WW apparetix Way of a Spot or any other viſible 


Mark in the Surface of a Primary Planet, or of 
the Sun itſelf; in its Rotation about its Axis, 

or of a Circular Order or Series of ſuch Marks! 
For ſuch a Circle will, by the Laws of Optics, 


u ppear ſometimes a Circle, ſometimes au El⸗ 
i lipſe, as the Earth is in its Plane produe d, of 
b dur of it. 9 

ll 
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The FrrTEH Book. 
Of Comets. 


H explain d the Motions of the 


Planets as well Primary as Secondary, 

and the Phænomena thence ariſing, ve 
proceed to explain the Motions of another ſort 
of Bodies, namely of Comets, a great many 
kinds of which are mentioned by Authors: For 
they diſtinguiſh them according to the various 
colours which they appear to ſhine with, and 
the Planers which they look like, and the Fi- 
gures of their Tails, We that treat of Aſtro- 
nomy and not Aſtrology, own only one kind 
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of Comets, which have thoſe different Ap. 
pearances, according to the difference of the 
Fapours which make their TS, and the diffe, 


Va 

rent Situation of the Comet itſelf in reſpec ty 45 
he Sun. ES Fee 

is In treating of them we ſhall firſt take notice 03 
of ſome Phyſical Matters, that we may after. bon 
wards go on to Geometrical Propoſitions, name. % 
Iy to . their Orbits. In the Phyſiei Thi 
Things which we ſhall take notice of, it wil A 
firſt be neceſſary to mention, and afterwards r. We 
jet the Opinions of ſome Philoſophers, tht I 
Bs may the better underſtand thoſe Opinios Co 
which we muſt embrace. The Reader is deſird e 
to pardon our taking no notice of theſe thing n 
in the foregoing Books, but reſerving them for . 


this; becauſe the Geometricians have not hi- 
therto had that regard to the Theory of tht 
Comets which they have had to the Theory d 
the Planets and Fix d Stars. 


92 „ 
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SkCTION I. 


General Propoſitions concerning Comets 
; . . 1 1 „ 


PROPOSITION I. 
＋ O explain the Opinions of Philoſophers concernil 


2 * the Daration and Places of the” Comets, in | 
A RT «od 
The moſt ancient Philoſophers and Aſtrono 
mers ſuppos d Comets to be eternal or colt 
Kant Bodies of the World, which, like Planet 
perform d their Revolutions in ſtared Times: 
or Ariſtotle, ſpeaking of Comets, in his 72 
| | 0k 


3 * * 
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Book of Meteors Chap. 6. ſays, Tar Imanzy mis P 


. A? Nu a sgi, ira AHNνν α¾ο e 232 
F 74 oeirs THY gar mores duTy elves 
1 oA om u¹ẽ& d. d Te vp ative yas my ERH 
0 8 7-2. But ſome of the Italians, call d Pythagoreans, 


ſay, That a Comet is Py the Planets or Wan- 
dring Stars, but that they don't appear unleſs after a 


ng time, and are fern but rw 4 ſmall time, 
a which happens alſo to Mercury. And Plutarch, in his 


Third Book of Philoſophical Opinions, Chap. 2. ſays, Tay 
an Nlvlzyjes mts wiv d5t-a pany civar mv ounmy y an 
bar? paivoulpwy, d, myo N werogrve eos merodinas dva 
Abe. Some "of the Pythagoreans ſay that a 
Comet is a Star of the number of thoſe which do 
wot conſtantly appear in the Heavens, but in ſtated 
mes having gone thro' a determinate Circuit ariſe 
for par again; And Seneca, in his Seventh Book 
of Nat. ©weftions Chap. 3. ſays thus, Democritus, 
the moſt ſubtile of all the Ancients, ſaid that he ſu- 
ted that there were ſeveral Running Stars, 
(that is, Comets) but he neither determin d their 
mmber nor names, not having yet rightly underſtood 
the Courſes of the Five Stars, that is, of the Pla- 
res, except the Sun and Moon. And again, 
Seca, in the fame place, ſays, that Apollonius 
the Myndian, who was very skilful in natural Sci- 

ences, affirm d, that the Comets were, by the Chal- 

1s dans, reckon'd among the Planets, and had their 
* WY Periods or Courſes like them. This Apollonius (as the 
ame Seneca ſays in the 19th Chap.) us d to ſay, rat 
a Comet was @ Star or Celeſtial Body as the Sun or 
Moon. But that he did not know its Courſe ; be- 
cauſe it cuts thro higher parts of the World, and then 
ono laſt appears, when it comes to the bottom of its 
Courſe ; and that is the very ſame thing which 

was fhewn in Prop. Io. B. 1. Of which Opinion 
Seneca himſelf profeſſes himſelf to be, in the 224 
Fin Chapter, in theſe words, I dont think a Comet to 
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he a ſudden Fire, but one of the eternal Works of 
Nature. In the 2d Chapter, he gives the ſole and Whav: 
only Method by which this Queſtion may he 
folv'd, ſaying, that there onght to be à Collectim of Wor i 
former Riſes or Appearances of Comets ; becauſe by plac 
reafen of their ſeldom appearing their Courſes can ¶ it v 
get be underſtood, neither can it be diſcover d whethn Will fin'c 
they return or no; and that they appear or are producl For 
in Order, at their ſettled time. And at laſt he thu WW diui 
propheſies, in the 25th Chapter, A time will com the 
When thoſe things which are now hid will at lafhè Par 


brought to light, by length of Time and the dilizny WWERil 

of. Poſterity. One Age is not ſufficient to make ſid Nat 

great Diſcoveries. A time will come when thoſe that cor 

come after us will wonder that we were ignorant o me 
Wings ſo plain. And in the 26th Chapter, do 

Bedy will demonſtrate, which way Comets vnde, the 

why they go ſo far from the reſt of the Cell eſt 
Bodies, hom big, and what ſort of Bodies they art nel 
Aſterwardsthe whole School of thePeripateick, Wi of 

to keep up their Doctrine concerning the He WW Ob 

vens, which they ſuppos d not capable of being WW a ( 
enerated or corrupted, did not look upon the WW Ei 
Comets as eternal or permanent Bodies of th: Wl tin 
World, but as Bodies newly produc'd, and ina {Win 

ſhort time to periſh again, and affirm'd them to Wl w 

/ be; Sublunary and made of Exhalations in the Bi Fi 
a Terreſtrial Regions; which Opinion was tht E 


nore beliey'd after ſolid Orbs were introduc, 

becauſ: Comets cou'd not paſs thro them. 
Bur at laſt Zycho Brabe and Kepler finding b 
bſervation, that Comets had no diurnal Para 
ax, reſtor d them to Places above the Moon. 

| The eaſieſt and readieſt Way to find the diurnal i © 

4 Parallax of a Comet, if it has any, is the fo- i C 
1 ſowing: By the Obſervations of many Days, Iſl ? 

made before and after, let the Track be detin : 2 
| ES LES. gt amon 
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among the Fix d Stars, which a Comet wou'd 
have, if it had no diurnal Parallax. lf there- 
fore from its Riſing till it gets to the Meridian, 
or from thence to its Setting, it has the ſame 
place among the Fix d Stars reſpectively, which 
it wou'd have according to the Track above de- 
fin d, it is a ſign that i: has no diurnal Parallax: 
For when it is near the Horizon, if it had a 
diurnal Parallax, it wou'd appear lower among 
the: neighbouring Fix'd Stars, which have no 
[Parallax ; therefore as the Comet is towards its 
Riſing it wou'd appear nearer to the Eaſt, and 
at ſetting nearer to the Weſt, than it is ac- 
cording to the Place agreeable to that Mo- 
ment of Time, according to former Obſerva- 
tions. And this Method is no way affected by 
the uncertainty of the Refraction by which Ce- 
leſtial Bodies are ſeen; for the Refraction of the 
neighbouring Stars is nearly the ſame with that 
of a Comet. But the readieſt Way that this 
:2- Wl Obſervation is made, is to find the true Place of 
ns Wl a Comet, in a Right line drawn between two 
che Fed Stars, ſo that thoſe Fix'd Stars, at that 
the me at a ſmall Height above the Horizon, be 
na Wh in, or nearly in the ſame Almicantarath, which 
1 t0 wil de eaſily done among ſuch a.multitude of 
the Fix d Stars, at leaſt if we take in ſuch as the 
the Eye perceives with the help of a Teleſcope : 
cd, Wi for if a Comet has a diurnal Parallax, it will 
appear out of that Right line and nearer to the 
Horizon; if not, it will even then appear in 
ine Right line among the Fix'd Stars. 
That Comets are above the Moon is farther 
confirm'd, from the Obſervation which Mr. 
Caſini made, of that which appear'd in the 
Year 1680, which he obſerv'd to be but 22 or 
23 Degrees diſtant from the Sun, and yer to 
_ ſhine 
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ſhine at that time with its full Orb; which he 
had alſo obſerv'd of the Comet which appear 
in April, 1665. whence one may certainly con. 
clude, either that thoſe Comets at that time 
were not only above che Moon, but alſo abo 
the Sun, (ſince Mercury and Venus, at that ap. 
parent Diſtance from the Sun do not ſhine with 
à full Orb, unleſs they be above the Sun; ) « 
that they are lucid Bodies, like the Sun or Fix{ 
Stars, or at leaſt pellucid and tranſmitting the 
Sun's Rays, which will hardly be ſuppos'd a 
ſuch great Bodies, fince the Sun's Spots, hoy. 
ever rare their Texture is, are opake enough, 
But that Comets are opake Bodies, will be 
— below, from the Shadows which they 


th PROPOSTITION II. 
{36 
T® give, in a few Words, the Opinions of Philly 
1 phers concerning the Riſe and Orbits of Com. 
Philoſophers are not yet agreed about the O- 
bits of Comets: Kepler, and after him Carteſu, 
Hevelius, and others, ſay, that the Trajecoris 
of Comets are Right lines. For Kepler did not 
like Circles or other recurring Curves for the Mo- 
tion of Comets, as thinking it not likely that the 
Motion of Comets, which never return, ſhou d be Ci. 
cular. But Kepler, in his PHyſialog. of Com. be- 


liev'd, That the waſt depth of Liquid Atber was i Will © 
ſuch a nature, that it produc d Comets of itſelf, M ce 
that Region (hou d have any void, and that that vu ſh 
perform d by a Faculty like the Animal or Vital on, Wi C. 
for the refining and purging of the ethereal Aur, i of 
. which in ſome places grows thick. And therefot Ml 1: 
that this groſs fat part of the Air being gather d i. ul 
gether like ſome Exorement into an Impoſt hume ; i 


bappens, from the nature of the Place, to be 1 
mm tees, 
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med. (becauſe the Sum Light is every where) and 
"5; . like ſome — : An exact Example of 
this, bow this fat and Celeſtial Matter of Comets has 
Light and Motion, may be ſeen in Aerial Traſecto- 
ries (or Star- ſnooting.) But Hevelius ſuppos d 
Comets to be generated from the moſt ſubtile 
Exhalations of Planets joining together by 
chance in the Ether, and retaining the form of 
a Diſc, one ſide of which is turn'd to the Sun, 
after that the Comet moving in a Spiral Line, is 
gone out of the Atmoſphere of the Planet, 
We rom which it had its firſt Riſe. $24 

4 Cartefias ſuppos d the Body of every Comet 
be permanent like that of a Planet, and made like 
2 Planet, of ſome Fix'd Star or Sun cover'd 
with Spots and carried away by the next Vor-- 
tex as it encreas d. But he wou'd have a Co- 
met be conſtantly carried in a Right line from 
one Vortex to another. : 


But thoſe that believe a Comet to be a E. 
ame 


O. manent Body, and to return again in the 
h Track as Planets de, will have its Orbit ſuch as 
"16 either to contain the Earth in its Circle, tho 
not very excentric (as Mr. Caſſini ſays of the Comet 
Ve which appear'd in the Year 1577, which he ſu- 
h ſpecs to be the ſame Comet that appear'd a- 
. Bi gain in the Vears 1680, and 1681) and run e- 
be. quably thro the Periphery of ſuch a Circle, 
4: 4 i contrary to what the Planets do; or not to 
contain it, ſo that the convexity of the Orbit 
1 hall be turn'd towards the Earth, as the ſame 
one, Caſſini ſeems inclinable to believe, in his Theo 
1ur0, WF of the Motion of the Comet of the Year 
ef 1664. But it is true that Mr. Caſſini only makes 
4 uſe of ſuch Orbits chiefly for calculating the 
e ; Motion of a Comet, being too cautious a Na- 
ligh FO PU ts -t © 1 | wort. tural 
tens, 
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| tural Philoſopher to affirm or define any thing 
= concerning that Matter. 

| From the. Obſervation of ſeveral Comet; 
4 Mr. Caſſini has ſettled the Way of Comets 2. 
4 mong the Fix d Stars, within whoſe limits mof 
4 of the Comets, (tho not all of them) are con. 
4 tain'd as the Planets are, within the limits of the 
Zodiac. He ſinds that this Cometary Zone, 
which is as broad as the Æquator, and like it 
mark d with the Figures of Animals, goes thro 
Antinous, Pegaſus, Andromeda, the Bull, Orion, the 
Jeſſer Dog, the Hydra, the Centaur, the Scorpin 
and the Bow of Sagittarius; and he calls it the 
Zodiac of Comets. 


— —̃5 — 
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a Something like this is the Sytem of Comets, 
4 publiſh'd by the ingenious Mr. Fame, Bernouill, 
1 in the Year 1682, in which he ſuppoſes that a 
certain primary Planet revolves about the Sun 
at a diſtance from the Sun, equal to 2583 Semidics 
meters of the Magnus Orbis, in the ſpace of 4 Tur 
and 157 Days, tho Saturn, who is two hundred and 
fifty eight times nearer, does. nat make its. Revolution 
WW in leſs than 30 Years. About this Primary (wbich 
" ve can never ſee, as well by reaſon of its ſmallneſi a 
"i its. immenſe diſtance) at different diſtances ſeve 
ral Comets revolve, tho none of them come 
down quite to the Orbit of Saturn; therefore the 
Comets, according to Mr. Bernouilli, are nothing 
elſe hut the Satellites the ſaid inviſible Primary Pla- 
net, which only begin to be viſille when they deſcend 
towards us in their Perigæum, and ſo are neareſ 
40 Us.” ; | 9 3; - 

The Opinion concerning the Orbits of Co- 
mets, which ſeems moſt probable to us, has been 
already explain d in the 35th Prop. of B. I. which 
beſides its being moſt agreeable to the ſimplici. 
ty of Nature, may put on the . r 
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almoſt every Opinion mention'd before, For 
if 5 which repreſents the Sun in the firſt 
firſt Figure of the firſt Scheme, be the com- 
mon Focus of the Orbit of the Earth 7G HK 
which is nearly circular, and the very excentri- 
cal Orbit of a Comet be AB DIEC; it is plain 
that the Phxnomena of the Comet going thro' 
the part EC or BD of its Orbit, will be well 
enough explaind by an equable motion in a 
Right line, becauſe BD or C E, is but little 
| different from a Right line, and beſides a Co- 
met will move equably in it, becauſe equal 
Triangles ſtanding upon it, and having S for 
their common Vertex, will alſo have their Baſes 
nearly equal. But yet it will at firſt ſight hard- 
ly appear to be the ſame Comet, which firſt de- 
ſeries E G and afterwards B D, there being a 
n conſiderable Time between thoſe two Appari- 
„tons, namely that in which it deſcribes the Arc 
nB, and is then hid under the Sun's Rays. 
„Now, When the Earth is at 7 a Curve convex 
oo WY towards” 7 will better agree with the Phæno- 
ich Wa mena of a Comet deſcribing that part ofthe Or- 
bit which is at A; for it is ſuch in the 1ſt Hg. of 
e: Scheme 1. But a Curve convex towards the 
me Wa Earth when the Comet is in oppoſition with the 
the Sun, will neyer agree with the preſent Theory; 
ing but if it is concave it will very well agree with 
it, if (as in the 24 fg. of Scheme 1.) S A the 
end Perihelion of the Comet be greater than ST 
dhe Semidiameter of the Magnus Orbis: For a 
curve Concave towards 7 will very well anſwer 
Co- fie Phznomena of a Comet paſſing at A ; be- 
een caule ſuch a Curve is its real Trajectory. 
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....  ProePosrITLON III. LIE MMA. 
I ibe Air ſhould expand it ſelf according to th 
J following Law, which is confirm d by Exper; 
ments, namely, that the Spaces in which it is coy. 
proſs'd are reciprocally proportionable to the Weight 
tampreſſing; a Globe of our Air of an Inch Diameter, f 
it ſhou'd *. as rare as it wou d be at the Height 
the Semidiameter of the Earth, won d fill all th 
Planetary Regions as far as the Sphere of Satin 
and far beyond. [Fig. 2.] | 
That the Law of the Expanſion of the Aj 
is the ſame as was laid down here; nameh, 
that the Spaces in which a given Quantity d 
Air is compreſs d are reciprocally proportion 
to the Weights compreſſing, is plain from the 
Experiments mention d in the Pbiloſophical Trax: 
actions of July 1671. N* 73. This Law then hs 
ing laid down, let AB Z A repreſent an upright 
infinite Tube, full of Air, whoſe Sides 43 
B Z are parallel to one another, and perpends 
cular to the Horizon, and the bottom A tan 
ing upon the Earth's Surface: It is plain thi 
the Air at AB is preſsd by the Weight of tix 
whole incumbent Air ABZZ, and that tif 
Air at ED (a Parallel to 4B drawn at any d 
ſtance from it) is preſs'd by the Weight of tht 
incumbent Air E DZ Z. Let us conceive tht 
Air expanded along the whole Right line ED 
to be compreſs d into part of the ſaid Line, 4 
CD, ſo that it may have the ſame Denſity # 
that of the Air AB, and that this is alſo don 


to any other Right line, ſimilarly drawn as ed line 
that is, that all the Air which before was er BD 
panded all over the Tube AB Z Z, is compref 10 

V 


into the Space AB Z A, ſo that it may be eve!) 
where of the ſame Denſity. The Right line B pref 


wil 
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will be the Aſymptota of the Curve 4CcX, 
terminating ghe Space AC XZ ADB A on one 
fide, becauſe at any Height above the Earth 
there is fome Air, which therefore bging com- 
preſs d, till it be equally denſe with the Air AB, 
muſt take up ſome Space. 

Since then the ſame Quantity of Air com- 
preſs'd as much as AB was compreſs d (that is, 
by the incumbent Air AZ Zz B) will take up 
the Space CD, but compreſs d as ED will take 
up the Space E D; it is plain, by the foremen- 
tion d Law of the Compreſſion of Air, that 
CDisto ED, that is, to AB, as the Weight 
of the incumbent Air E DZ , to the Weight 
of the incumbent Air ABZ A; that is, (by 


te reaſon of Gravity, which we ſuppos d the 
10 ſame at all Diſtances from the Center) as the 
* cumbent Air CD Z X to the incumbent Air 
E Z X, or 25 the unterminated Figure C DZ x, 
20 the unterminated Figure ABZ X: But 
Wes is the Property of the Logarithmic Curve 
of. ery well known to Geometricians; there- 
ha Wore the Curve AC A is a Logarithmic Curve, 
by whoſe Aſy mptote is the Right line BZ, When 


by Probl. 3. Append. 3. of Barrow's Twelfth Geo- 


Arca Lecture, (if CG, and eg be drawn pa- 
th Wir allel to B Z and meet with AB, at G and g,) 
s or C D is in the ſame Order between BA 
£0 and Bg or de a Geometrical Mean proporti- 
e, 4 nally as BD is an Arithmetical Mean between 


Bd and Nothing; therefore O (or Nothing) 
BD and Bd are as the Logarithms of the Right 
lines B A, DC, and de reſpectively. Therefore 
BD, Bd, B A, and DC being given, it will be 


e 
res ealy to find cd, which, as has been already 
erer lnewn, repreſents the Quantity of Air com- 


preſsd as much as it is at the Surface of the 
wil WW 
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Earth, which in the Height B 4 above g 
Earth will expand itfelf into a gpace equa] j 
BA; namely making DB to 4 B*as the dif 
rences of Logarithms of A B and CD to anothy 
this will be the difference of the Logarithms 
AB and c d: and therefore theLogarithm of 4z 
being given, the Logarithm of c 4, and ther 
fore cd itſelf will be known. | 

Let AB be 33 foot long, that is, of tþ 
Height of a Column of Water whoſe weight j 
equal to a Column of Air of the ſame thickne 
extended from the ſurface of the Earth upy 
the top of the Atmoſphere: And as the hi 
near the Surface of the Earth takes up a ſpa 
as it were 850 times greater than Water of ti 
ſame weight, as innumerable Experiments ſhey; 
a Column of Air 850 Foot high, is of the (ame 
weight wich a Column of Water of equal thick 
neſs and one Foot high. If therefore we wen 
to riſe 850 Feet above the Surface of the Earth 
the Column of Air preſſing upon any Places 
that Height, is equal in weight to a Columna 
Water of the ſame thickneſs and 32 Foot hig 
If therefore B D be taken of 850 Feet, DC willl 
of 32 Feet: For A B, CD, D, &c. will ſhew th 
Heights of the Baroſcope (with whatſoever Is 
quor it is fill'd) in the Places B, D and 4; for the 
are reſpectively proportional to the Weightsof tit 
incumbent Air. Therefore to find out 4 c iro 
the Premiſes, ſuppoſing BA to be equal to tit 
Semidiameter of the Earth, that is, in a rout 
Number to 20000000 Feet (for according 8 
ſome late Experiments made in France, its mex 
ſure is 19615800,) let the Operation be pt 
perform'd by the Rule of Proportion, find} 
to DB 850, 4B 20000000, and the Differenc 


of the Logarithins of 4B, C D taken out a 
ths 
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he Tables, namely, o, 0133639, a fourth Pro- 
zortional 314, 0000000, namely, the difference 
pf the Logarithms of AB and cd, which being 
nen from 1; 5185139, the Logarithm of AB 
iſt taken from the Tables, and there will re- 
main the Logarithm of C4, which is —312, 
000000, Whole Characteriſtic (as they call it) 
$—312, Moreover, from the nature of Loga- 
ithms; the Number of the Tables whoſe firft 
lace is Unity, have Nothing for the Characte- 
iſtic of its Logarithm ; but the Number whoſe | 
ſt Place is 2, or the ſecond of Integers, has | 
dne for the Characteriſtic of its Logarithm 5 
at whoſe Firſt Place is the Third of the In- 
gers has Two for its Characteriſtic, and ſo on 
cending;- and likewiſe the Characteriſtic of a ; 
lumber whoſe firſt Place is the next below One | 
a decimal Progreflion, or the firſt Place of De- i 
mals, is 1, and ſo on in deſcending: Whence 


r<overſly, from the Characteriſtic of the Loga- 
ih you may know the Place of the firſt Place 
nan de Number, or of how many Places the Num- 
18 is; and henee the Number, the Characteriſtic 


whoſe Logarithm is —312, is the firſt Place 
the 312th Place of Decimals; therefore the 
ght line ed is denoted by a Number whoſe 
Place is the 312th of Decimals. 

Then taking away the Calculation, it is plain 
at a portion of our Air, denoted by a Num- 


o vhoſe firſt Place is the 312th of Decimals, 
ou che Height of the Semidiameter of the 
ng U expands it ſelf to a Magnitude which is 
mer noted by 33; that is, the Space taken up by 
per Air, is to the Space that it wou'd fill up, if 
din Las as rare as it wou d be at the diſtance of 
rene e Semidiameter of the Earth, as the Number 


Ne to a Number expreſs d by the two Ternaries 
2 qq wich 
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with 312 Cyphers annex d. But this Ratio is vaſt. tha 
ly leſs than that which (according to Ariſtarcbus 
a {mall Grain of Sand has to the Sphere of 
the Fix'd Stars, as Archimedes has demonſtra- 
ted it in his Arengrium; namely, greater 
than the Ratio which One has to a Number 
whoſe Notation is Unity with 63 Cyphers an- 
nex'd : But we ſhall preſently ſhew that the 
ſaid Ratio is much leſs than that which is between 
a Globe of an Inch Diameter and the Orb of 
Saturn, much more nearly computed, than the 
Sphere of the Fix d Stars was by Ariſtarchus. 
The Semidiamer of the Earth is, as was ſaid 
before, in a round Number of 20000000 Feet: 
Now if the Sun's Parallax be 10“ (which is the 
leaſt that Aſtronomers have hitherto attributed 
to it) whofe Right Sine is of 485 parts, ſup- 
poſing the Radius to be of 10000000 ; the Se. 
midiameter of the Magnus Orbis will be of 
500000000000 Feet, namely, to the Semi- 
diameter of the Earth as the Radius to the 
Sine of the Sun's Parallax ; and therefore the 
Semidiameter of the Orb of Saturn (by Pry. 
41.B.3. ſcarce ten times as great) will be of 
5000000000000 Feet, and its Diameter of 
I0000000000000, or of 120000000000000 
Inches. Wherefore the Sphere of Saturn is tos 
Globe of an Inch Diameter as the Cube of the 
foregoing Number, or 1728 with 39 Cyphers to 
Unity, or in a round Number, and at molt s 
a Number expreſs'd by 2 and 42 Cyphers is to 
One or Unity. Therefore ſince a Globe of an 
Inch Diameter has a much greater Ratio to the 
Sphere of Saturn, than to the Sphere which 
Air, like our Air, wou'd fill if it ſnou'd become 
as rare as the Air at the Height of a Semidit- 


meter of the Earth aboye the Earth ; it is pay 
chat 
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bat chat Globe of Air, whoſe Diameter is one 
) Winch, when it comes to be as rare as it wou'd be 
t Wi the diſtance of a Semidiameter of the Earth 


fom ir, wou'd fill all the Planetary Regions as 
far as the Sphere of Saturn and much farther. 


E. D. j 2 i 
Af the Gravity towards the Earth be ſuppos d 
to diminiſh as you recede from the Center, as 
k ceally does; it is plain that ſuch a Globe of 
ur Air of- an Inch Diameter as we have men- 
don d, at the Height of a Semidiameter of the 
Earth above the Earth, wou'd yet take up 4 
freater ſpace. 

ProOBOSsIT108 IV. 


* 
& 


l ik explain the Opinions of Philoſophers coticerniv 

Pp the Tails of Comets, and confirm that whixhh 
pr ki the true Opinion. a 1 
1 That a Comet's Tail depends upon the Sun 


plain from chis, that it is always turn d from 


q the Sun, which was firſt of all diſcover'd by 
* Par Apianus, in the Comets which appear 'd be- 


een the Years 1530 and 1540, tho Regiomon- 
08am 66 Years before became almoſt certain of 
. As for the Opinion about the manrier of 
tne Tails being caus d by the Sun, it is threefold 
Firſt, Apianus, Cardanus, Tycho Snellitis, an 
dthers believe that the Sun's Rays being propa- 
an e thro! the tranſparent Head or Body of 
ache Comet, are refracted as in a Lens of Glaſs, 
and look like a Beam behind the Comet, or in 
thoſe parts which are turn'd from the Sun. But 
lich this is contrary to the Laws of Dioptrics: For, 
V beſides the Figure of it not anſwering to this, 
ſuch a brightneſs propagated thro the pure E- 
mer will not be perceivd by an Eye poſited 
PY Idewdys; it is requiſite that there ſuou' d be 
Lia: bene 


Jes The ELEMENTS Bock V. 


ſome reflecting Subſtance in thoſe Places where 


the Tail is to make that brightneſs ſenſible, af. 
ter the ſame manner that there muſt be Par- 
ticles of Duſt or Smoke flying about in a dark 
Room that ſuch a brightneſs may be ſeen by an 
Eye that looks upon a Sunbeam let into the Room, 
the ſaid Eye not being in the Way of the Beam; 
and by how much more groſs and denſe the Par- 
ticles are that fly about in the Medium, by ſo 
much will the Beam be brighter, and ſo on the 
contrary. From this there ought to be a more 
groſs Matter in the Regionjof the Tail than any 
where elſe in the ther about the Tail, other- 
wiſe the whole Sky round about wou'd be en- 
tighten'd and ſhine as much as the Tail; and 
therefore the Tail of a Comet does not proceed 
from the Sun's Rays propagated thro' the tran- 
{parent Body of the Comet. And therefore this 
Argument will be of as much Force, whether 
the Rays be ſuppos d refracted in the Head of 4 
Comet and the Atmoſphere about it, or in the 
Atmoſphere only, the opake Head hindering 
the tranſmiſſion of the Rays, as Hevellus ob- 
ſerv'd in the Comet of 1665, which had a Sha 
dow, and the ſame Author ſays, in his Cometogra- 
phy, B.8. that ſeveral other Comets have been 
obſery'd to caſt a Shadow. But the famous Di. 
Hook denies ſuch a Shadow, and affirms a Co- 
met to ſhine brighter in that place where the 
Shadow, if there was any, ought to appear. 

The ſecond Opinion is of Carteſius and his 
Followers, who wou'd have the Tail of a Co- 
met to be owing to the refraction of the Light 
from its Head to the Eye of the Spectator. If 
this was true, the Rays of the Fix'd Stars and 
of the Planets, which are propagated thro the 


ſame Mediums, wou'd not reach our Eyes ſo | 


free 
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. free from Refraction as they appear by Obſer- 
re ation; neither wou'd the Tails of Comets be 
. p free from the Colour of the Rain-bow, which 


r. WW always accompany refracted Light. Neither 
tk Joes Carteſius take off thole difficulties, when he 
an ys in the 139th Paragraph of the third Book of 
his Principles, that the twinkling of the Fix'd 
Stars is owing to chis, that their Tails wou'd be 
longer if the Light was greater ; for when we 
make uſe of Teleſcopes, which encreaſe their 
Light, their twinkling ceaſes. Beſides, ſeveral 
Fol the Planets, as Saturn, Jupiter and Venus, 
whoſe apparent Diameters are equal to,or even 
urpaſs the Diameters of the Comets that ſend 
qut pretty long Tails, and which have more 
Light than thoſe Comets that ſend out noTails; 
ind the Light of the Heads of thoſe Comets 
that have the greateſt Tails is often very ſmall 
d dull. If either the Fix'd Stars (or even the 
Planets) as Ariſtotle ſays in his Diſcourſe on Me- 
tors, have ſometimes appear'd Hairy to the 
efeyptians, this does not happen to them as it 
does to Comets, but is rather to be aſcrib'd to 
accidental Refraction of a Cloud, ſuch an one 
that to which Carteſius aſcrib d the hairineſs ob- 
ſery d by Ariſtotle himſelf about the Fix d Star in 
. Thigh. Laſtly, If the Tail of a Comet 
did ariſe from the Refraction of the Celeſtial 
Medium, it would in the fame Regions of the 
Heavens always go towards the ſame parts; 
. which yet does not happen, but is according to 
his the Sun's ſituation thrown towards different 
Co- Parts, as has been ſaid. 
ihr} There are alſo other Opinions concerning 
If the Tails of Comets to be met with in ſeveral 
and Authors, which we ſhall not here take time to 
che Lonfute; among which is this of Mr. James 
i Bernou- 
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| Bernouilli in the before quoted Syfem of Comets, 
For he conceives the Sun to be in the middle of its 
Portex as a great Fire kindled in its Hearth, by whoſe 
Heat the Planets round about are warm d, whence it 
bappens that a great quantity of very ſubtil Exhalationg 
comes out of © Planets every way, and even from 
the Sun itſelf, and that from the wery rapid motion of 
the Solar Vortex they are carried upwards towards 
the Circumference; to which place when theſe Effius 
via are come, they are ſtopp d and rep d by the Re- 
fiſt ance of the neighbouring Vortices, ſo that they can 
go wo farther, Hence, becauſe they have a near ad. 
dition of Matter, they are by degrees condensd, end 
fiel to the Secondary Planets of that inviſible Pri- 
mary one which is above Saturn (of which we [poks 
zn Prop. 2.) when they come near the circumference 

of he Solir Vortex; juſt. as when a pot of Fleſh hangs 
over 4 Culinary Fire the ſmoak and fteam riſing up 
the Chimney from the Wood and Fleſh ſticks - to the 
Beams, and whatever ſolid ſubſtance it meets in 
its way ſo as to make Soot : Thus, he ſays, the 
the wiſcous Exhalations ſtick to the Planets, and en- 
compaſs them to a conſiderable thickneſs ; whence it 
8 bappens that the Extremity of the Nucleus of a Comet 
_—_ - or its Limb, is commonly very irregularly terminated 
and rough as if it had Scot upon it. Then in the pro- 
greſs of the Satellite as it revolves about its Primary, 
from time to time new Exhalations, (but thinner than 
| Thoſe which immediately encompaſs it, which can't be 
s ſtrongly condent d for want of a ſolid foundation) 
flick to it, and extending themſelves every way von 
about it, not in the manner of a Globe, but like a 
broad Diſc, one of whoſe Planes remains turn'd to the 
Sun, and the Rays of the Sun mike Right-angles 
with the Diſc, whence (as he ſays) the reaſon is 
plain why the Tail always points towards the parts 
oppoſite to the Sun; for tho the whole Diſc at once be 
| en 
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enlighten'd by the Sun, yet no part of the Diſc but that 


ets, 
its which in reſpect of us is on this ſide of the Nucleus and 


in the ſame Plane with us and the Sun, reflects Rays to 
aur Eyes, the otbers being reflected the contrary way 
and on the other ſide of a Comet, | 
The moſt obvious opinion to any one that 


om 

; of {Wlooks at a Comet is, that the Tail bas its Origin 
hom the Head. And this is the Opinion of the 
74. WW moſt ancient Philoſophers, and of Ariſtorle him- 
Ne. elf, who ſaid that the Tail was a very thin 
n Vapour ariſing from the Head, but he ſuppos'd 
id. i to be on fire, The moſt penetrating Dr. Hook 
„om the obſervation of Comets, contriv'd the 


jollowing manner of explaining the nature of 
Comet and its Tail, upon account of the Co- 
Fat which appear'd at London in 1678. He 


me 

197 luppoſes a Comet to ariſe from a Planet, whoſe 
up mvity towards the Center about which it re- 
the foly'd before, is deſtroy'd by a certain inte- 
in ine motion of the Parts (by which the Body 
the let on fire and appears in a flame) and which 


therefore is gone out of its place. moving in a 
Tangent to that point of its Orbit in which it 
ws when its ſaid change was perfected. W hence 
carried thro the Ether in a Right line (except 
lo much as that line is bent upon account of the 
7), matter of the Comet towards its Center) which 
an not being yet fully chang'd is a little incurva- 
be MW fd towards the Sun; the Planet thus chang'd, 
„bis parts difſoly'd by the Ether and chang'd 
md W Into it, as Salt is diſſolv'd by Water, or any 
4 thing elſe by a proper menſtruum. Moreover, 
the the outer parts ſo chang'd, have nct only loſt 
ples their gravity, but are become light in reſpect of 
; is the Sun, that is, fly from it. Whence as they 
arts dre abſorb'd in Ether and carried upwards, and 
be At che ſame time fly from the Sun, theſe igne- 
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ous Particles look like innumerable Projectiles 
going every way directly from the Nucleus of 
the Comet and tending towards a diſtant Point 
oppoſite to the Sun; therefore (by what has 
been demonſtrated by Torricelli in the 3oth Pry, 


B. 2d of the Motion of Projectiles) they have the 


figure of a Parabolic Conoid, whoſe Axis is in a 
Right line joyning the Sun and a Comet, ha- 
ving the center of the Nucleus for the Focus 
of the generating Parabola : Therefore the Tail 
of the Coment will put on ſuch a ſhape. Bur 
ſince the Heavy Bodies that we can come at do 
not intend or remit, that is, increaſe or dimi> 
niſh their Gravity, but their Gravity is proporti- 
onable to their Quantity of Matter, whatever in- 
teſtine motion the ſaid Matter has, we muſt not 
admit a loſs of Graviy or acquſition of Levity 
in other Bodies. | | 
They that will not allow the Tail to be on 
fire, and think that to produce the Phænome- 
non, it is enough for the Vapour that goes from 
the Comet to be enlighten'd by the Sun, and 
by reflecting the Rays of the Sun from its Par- 
ticles, to make that part of the Mther which 
they take up more enlighten'd than the reſt of 
the Æther, which tho' it receives the Light can- 
not reflect them, as wanting a reflecting ſub- 
ſtance, are oblig d to find out the reaſon why 
the Vapour or reflecting Exhalation goes only 
on that ſide which is rurn'd from the Sun. Kep- 
ler explains the thing thus : The fat and groſs 
Natter of the Comet being gather'd into an 
Orb, from the nature of all things which are 
united, and the Sun ſtriking with direct Rays 
and penetrating this Globe, be imagines that 
* ſome. of the inmoſt Matter of the Comet fol- 
los and go out the ſame way as the Suns 
© Eds bo ab ons © Rays 
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Rays go, and therefore by that means the Bo- 
f dy of the Comet has parts of it rubb'd, waſh'd, 
# or ſtrain d off, and thus there is a Quantity of 
Matter gather'd together on that ſide of the 
F Comet which is turn'd from the Sun, that re- 
* fles the Sun's Rays and has the appearance of 
*a Tail. James Gregory in ſome Phyſical things 
ſubjoin'd to his Univerſ. Parts of Mathemat. will 
have @ Comet to be a kind of bumid Body emitting 


its proper Vapours, always wandring about the ther, 


ang retaining almoſt the ſame ſituation in reſpect to the 
dun; which isalfo the opinion of Hevelius in his 
Cometography, pag. 430. who thinks the Tail pro- 
due d much after the ſame manner: namely, That 


the thinneſt parts of the Atmoſphere F a Comet are ra- 


fed by the force of the Heat, and from the forepart and 


uch ſide of the Comet are driven towards the parts 
umd from the Sun. And then, according toFames 
Gregory's opinion, the half of the Comet which is 
inn d from the Sun, and never warm d or enlighten'd 
7 has very groſs and very opake Vapours, which 
lung continually ſupplied or fed with the vapour-like 
matter of the Comet, and no way diſſolv'd (by reaſon 
if the weak and oblique light of the Sun) grow to an 
inmenſe Height and every way reflect the Sun's Rays, 
which are not ſtrong enough to expel the Exhalations. 

The incomparable Sir Iſaac Newton believes 

allo, That the Tail of a Comet is nothing elſe but a 
very thin Vaponr, which the Head or Nucleus of the 
Comet {ends out by reaſon of its Heat. 

When a Comet deſcends to its Perihelium, 
the great quantity of Vapours which encom- 
paſs d it when it was in thoſe Regions which 
Were the moſt remote from the Sun, and there- 
fore the coldeſt, being rarified by the Sun's 

eat aſcend ; that is, go towards thoſe parts 

Which are turn'd from the Sun: For all the => 
8 ö ticles 
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ticles in a medium extended far beyond Saturn, 
(namely the Echerial Aura) gravicate towards 
the Sun. This Aura heated by the warm par- 
ticles of the Vapour, which mixes with it, 
becomes rarer and therefore lighrer than the 
reſt of the ambient Aura, and for that reaſon, 
being driven by it, riſes upwards, and takes with 
it the reflecting particles of which the Tail is 
made up; much after the manner that ſmoak 
riſes up a Chimney by the impulſe of the Air, 
which being rarified by heat,carries up the par. 
ticles of the ſmoak which are entangled with it, 
But becauſe beyond the Atmoſphere of the Co- 
met the zthereal Aura is very rare and next to 
nothing,or a Vacuum, therefore I ſhall attribute 
ſomething to the action of the Rays of the Sun 
carrying along with it the particles of the At- 
moſphere of a Comet, tho Kepler is not of this 
opinion; and altho' 1 believe, that (beſides the 
impetus acquir'd in the firſt aſcent of the Va- 
pour) the chief and moſt effectual cauſe of the 
aſcent of the Vapour which makes the Tail, is 
the rarity above deſcrib'd of. the zthereal Au- 
ra, by reaſon of the particles which ariſe duly 
from the Comet in the neighbourhood of the 
Sun, where the Aura about the Tait is denſer 
and heavier. And then the Tail lifted upwards, 
does, like the Nucleus, gravitate towards the 
Sun after the manner of another Projectile in a 
in a Conic Section, and accompanies the Co- 
met in diſtant Regions till it is diſſipated by de- 
rees. 

Tho' the Tails of ſome Comets being im- 
menſely extended, ſeem to require a great quan- 
tity of Matter to produce them, Experience 
Thews us into what a prodigious heap of Smoak 


a {mall piece of Wood or Pit-coal is converted, 
anc 
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and from the foregoing Lemma, it is plain how 
ſmall a portion of our Air may be diffuſed into 


immenſe Spaces by ics elaſtic Force. And tho? 
the Tails are not of ſo rare a Texture, yet that 


they are extremely rare, in reſpect of Bo- 
dies about us, is plain from this, viz. that the 
kaſt Stars ſhine through choſe immenſly dee 

Tails notwithſtanding they are enlighten'd by 
the Sun's Rays, when at the ſame time our Ter- 
reſtrial Atmoſphere, whoſe depth is vaſtly leſs, 
makes even the brighteſt Stars inſenſible when 
it is enlighten'd: Neither are lucid things ſeen 


theſt remov'd from the Eye than when it is 
neareſt to it, but rather wich more difficulty, as 
daily Experience ſhews us. 
COROLLARY I. | 
vince the Tail of a Comet is rais'd from its 
Head and the Atmoſphere about it by the heat 
af the Sun, it follows that it encreaſes as the 
Comet comes to its Perihelium, and again, that 
it is diminiſh'd in its receſs from the Sun; there- 
lore it will be greateſt and brighteſt immedi- 
xely after the Comet has ſuſtain d a great de- 
gtee of Heat in its Perihelium, and is juſt got 
off from the neighbourhood of the Sun. But 
allo the Atmoſphere of the Comet (which ſup- 
plies the Tail with moſt of its Matter) is dimi- 
niſhed as the Tail encreaſes, and becomes nar- 
rower towards the Sun; and therefore ceteris 
paribus, ( together with the Comet itſeif, the 
greater part of which it appears to the naked 
Eye to make up) it appears leaſt immediately 
alter the Comet has paſs d the Perihelium,where 
ſometimes it appears cover'd with a thick and 
black Smoak, the attendant of a vehement Hear. 


COROL- 


more eaſily thro' a denſe Body when it is far- 
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COROLLARY 2. 


Hence alſo it follows, that if the Tail of a 
Comet ſhou'd touch the Atmoſphere of our 
Earth, (or if a part of this Matter ſcatter'd and 
diffus'd about the Heavens ſhou'd fall into it) 
the Exhalations of it mix'd with our Atmo- 
ſphere (one Fluid with another) may cauſe very 
ſenüible Changes in our Air, eſpecially in the 
Animals and Vegetables: For Vapours, as they 
call em, brought from ſtrange and diſtant Re- 


gions, and excited by a very intenſe Heat, may 


e prejudicial to the Inhabitants or Products of 
the Earth; wherefore thoſe things which have 
been obſerv d by all Nations, and in all Ages, to 
follow the Apparition of Comets, may happen; 
and it is a thing unworthy a Philoſopher to look 
upon them as falſe and ridiculous, 


COROLLARY 3, | 
The Tail riſing like a Vapour directly upwards 
from a Comet and its Atmoſphere, that is to- 
wards thoſe parts turn d from the Sun, will re- 
main in the Plane of the Orbit of a Comet, 


(that is, a Plane drawn thro” the Sun and the 


Track of a Comet) becauſe there is no reaſon, 
why in the quiet ther it ſhou'd be ſo diſturb'd 
as to be carried more on one fide than another. 

| Moreover, ſince the Vapour going from the 
Head joins two Motions, and afterwards con- 
tinues to go on with that Motion, compounded 
of the Motion of a Right Aſcent near the Sun, 
and of the Motion of the Progreflion of the 
Head; the Tail won't be directly turn d from 
the Sun, but a little declining from it towards 
thoſe parts left by the Comet; nay, the Tail 


will not be ſtreight but bent, being gonvex 2 
e SHOP sward 
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wards the forepart and concave towards the back 
part. And tho' the riſing Vapour partakes of 
the Motion of the Head, yet by reaſon of ſome 
reſiſtance of the Æther it will not go on ſo faſt 
as the Head. And by how much higher the Va- 
pour riſes which makes up the Tail, that is, by 
how much longer the Tail is, by ſo much more 
will it be reſiſted by the Fther; when the fore- 
ſide of, the Tail, or the Side towards the parts 
where the Comet is to go will be convex, but 
the following; one concave, and therefore the 
Tail of the Comet it ſelf will not be preciſely 
turn d from the Sun, and even not direct but 
dent. And this deviation from the Sun's O 
poſition is ſo much the leſs, as a Right line 
joining the Sun and a Comet is more oblique to 
the Track of a Comet: For if a Comet ſhou'd 
go directly towards or from the Sun, the Tail 
wou'd be directly turn'd from the Sun and 
eight; whence it happens that in the very 
Perihelium the Tail very much defle&s from 
the Sun's Oppoſition, and is alſo very Curve, 
becauſe a Right line joining the Sun and the 
Comet will then be perpendicular to its Orbit. 
But by reaſon of the ſaid reſiſtance of the - 
ther, however ſmall, the convex part of the 
Tail, (that is, the part that runs into the ther) 
will be ſomething thicker, and conſequently 
will appear brighter and better terminated than 
the concave one, by which the parts reflecting 
the Light, being as it were left, are diffus'd a- 
bout the Ether. Moreover, this deviation of 
the Tail and Incurvation from the Sun's Oppo- 
poſition, will, ceteris paribus, be greater, for 
both the aforeſaid cauſes, when the Comet's 
Orbit is moſt Curve: For that the Tail might 
be conſtantly turn d from the Sun in ſuch a caſe, 
; its 


— 


f 


7 , 
iy 
ö 

1 
1 

| 7 

| 

| 

| 


_— — — ͤ in 44 — 


718 The ELEMENTS Bock V. 
its Extremity ſnou d deſcribe a Circumference 
greater than, and exterior to, that deſcrib d by 
the Head, which it cou'd not do by the Motion 
which it receives from the Head, tho' there 
ſhou'd be no reſiſtance of the ther to dimi- 
niſh it. Therefore the Extremity of the Tail 
which is the moſt remote from the Comet, be. 
cauſe it does not deſcribe that greater Circum- 
ference in ſo ſhort a time as the Head does the 
lefſer, (and that for the two reaſons that we 


mention'd) will in this caſe be more Curye, 


But as this happens to a Comet at its Periheli- 
um, where the Tail, which before was lifted 
up, almoſt vaniſhes, and the Vapour which now 


' riſes directly up chiefly makes up the Tail; for 
that reaſon the Curvity will not be fo ſenſible, 


© COROLLARY 4 
The Figure of the Tail which we have de 
ſ{crib'd in the foregoing Corollary, is that into 
which the Tail is really extended from the Head 


of the Comet; notwichſtanding which, if the 


Earth and the Spectator together be in the 
Plane of the Comet's Orbit, the curvity of the 
Tail will not be perceiv'd at all, becauſe it is 
all in that Plane: And either the whole Tail 
will diſappear when the Head is between the 
Eye and the Tail, or if the Head be leſs and 
the Tail broader towards the other End, the 
Comet will appear Hairy, that is, encompaſs d 
round with the appearance of Hairs, (and ei- 
ther of theſe may happen when the Sun and 
the Comet are in oppoſition) or laſtly, the Tail 
will preciſely appear to be in oppoſition with 
the Sun. But if the Spectator be out of the 


Plane of the Comet's Orbit, the curvity of the 


Tail will be perceivable; and will be by fo 


much 


much the more ſenſible as a Right line drawn 
from the Earth to the Tail of the Comet be- 
comes more perpendicular, or nearer to a per- 
pendicular to the Orbit of the Comet (and 
conſequently to the Orbit of the Tail) and 
all the Symptoms or Signs of the Curvature of 
the Tail deſcribd in the following Corollary 
will become more ſenſible. And theſe are the 
ſettled and conſtant Changes of the Tail of a 
Comet: For as to the uncertain and ſudden 
ones which Authors mention, they ſeem to 
have had their Rife from the Vapours of our 
Atmoſphere, which by an accidental Refra- 
gion ſeemingly alter d the Figure of the Tail; 
or from the Motion of the Clouds darkening 
ſome parts of the Tail; or from ſome neigh- 
bouring Stars, or a heap of them, or the Milky 
Way, —— taken for part of the Tail. 


6 
PRO POSITION V. 


1 the San, than in that which is oppoſite to it. 
Fig. 3. | 

| "2 0 the Sun, T the Earth ; the Cir- 
dle DE FH deſcrib'd about the Center 7, the 
Sphere of the Fix'd Stars, or rather that which 
bounds the ſight. Becauſe Comets ſhine by 
the reflected Light of the Sun, they will not 
be ſeen before they are ſo enlighten'd by the 
Sun as to be able to affect our Eyes by that 
Light 7 And beſides, as Comets are very conſpi- 
cuous upon account of their Tails, and do yot 
emit them till they are ſomewhat heated by che 
Sun; icis plain, that to have either the Comet 
or its Tail viſible, it is neceſſary for the Comet 
to come within a defin'd diſtance of the Sun. 
Let 4B CG be a Sphere concentric to the Sun, 


de-. 
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Hor Comets are ſeen in the Hemiſphere towards 
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deſcrib' d at the ſaid diſtance from it; namely, 
| ſuch an one, that no Comet, for want of being 
enlighten d, ſhall appear, before it comes with- 
in the Surface of that Sphere: having join d 5 
and 7 produce the Line S T every way, till it 
meets with the ſaid Surface in 4 and C: Thro 
T draw the Plane HE, to which AC is perpen. 
dicular, then it will divide the Sphere DE FH 
into two Hemiſpheres, one of which, HFE is 
towards the Sun, and H DE oppoſite. to the Sun. 
All the Comets which are in the Segment of 
the Sphere BCG, will appear in the Hemiſphere 
towards the Sun; but all thoſe which are in the 
Segment BAG will appear in the Hemiſphere 
. oppoſite to the Sun. But it is plain that the Seg- 
ment BCG is greater than BAG, becauſe the 
| Center, of the Sphere is in it; therefore more 
Comets will be ſeen in the Hemiſphere towards 
the Sun, than in that which is oppoſite togt. 
But more of them will be firſt ſeen or diſco- 
ver d in the Hemiſphere towards the Sun, than 
In the other, becauſe the part BCG of the Sur- 
face of the Sphere is greater than the remaining 
part BAG; but they are ſuppos'd to be diſco- 
ver'd as ſoon as they touch that Surface. 


a „„ % 
By how much leſs the Sphere 4 BCG is ſup- 
pos d, that is, by how much nearer a Comet 
nuſt be to the Sun before it becomes viſible, by 
ſo much does the number of the Comets, ſeen 
in the Hemiſphere towards the Sun, exceed the 
number of thoſe which appear in the oppoſits 
Hemiſphere; becauſe the Segment B; CG does 19 
_ much'exceed the Segment BAG. And for that 
reaſon the number of thoſe which are firſt dif- 
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cover d is greater in the former than in the 
latter. | 
If ABCG be ſuppos'd to be a little leſs than 
the Sphere of Jupiter, or if the Comets are 
not viſible before they come nearer to the Sun 
than Jupiter, that is, if S A be ſuppos d five 
times longer than S7 (for the diſtance of 
jupiter from the Sun is more than five times 
the diſtance of the Earth from it,) the Segment 
BCG will be almoſt twice the Segment BAG, 
and therefore almoſt twice as many Comets will 
te ſeen in the Hemiſphere towards the Sun than 
in the oppoſite Hemiſphere : But the Surface 
& is only once and a half the Surface BAG 
nd therefore half as many more will be firſf 
wcover'd in that than in this. If the Sphere 
JBCG be leſs, as for Example, if S A be once 
nda half the diſtance of Mars from the Sun, 
ut times more Comets (and a greater number) 
vill be ſeen in the Hemiſphere towards the 
aa, than in the oppoſite one; but the number 
in e thoſe which are firit diſcover'd in the former 
al de three times greater than the number of 
bose diſcover'd in this latter. We are to take 
. vace that from this number we muſt take thoſe 
wich cannot be ſeen by reaſon of their too 
great nearneſs to the Sun; and on the other 
end, choſe which are not too near the Sun are 
erer ſeen in the Hemiſphere towards the Sun, 


= lan thoſe which are in the oppoſite Hemiſphere, 
. 4 cauſe they are more ſtrongly enlighten d. 

the ProPosITION VI. 

ax, T O make an Eſt imate of a Comet's diſtance from 
ey the Sun, by comparing the Light of a Comet 


rich the Light of a Planet. 
or Since a Comet has no diurnal Parallax, and 
er Rr r no 
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no obſervations depending upon it can mak: its 
diſtance known, we may make an Eſtimate of 
by comparing the Light-of a Comet with that 
of a Planet. And becauſe (by Prop. 57. B. z.) 
the enlightening of the Comet (or the ſtrength 
of its Light) at different diſtances from the Sun, 
are in a duplicate reciprocal Ratio of the ſaid 
diſtances, and therefore (for reaſons alledg'd in 
the ſaid Prop.) by how much more remov d the 
lucid Body 1s, by ſo much fewer Rays coming 
from it enter the Pupil of the Eye, and that 
ins duplicate Ratio of the encreals'd diſtance, 
or in a duplicate Ratio of its diminiſh'd apparent 
Diameter; that is, the brightneſs of equal lu- 
cid Bodies are in a duplicate Ratio of their ap- 
parent Diameters; therefore (in this leſs accu- 
rate way of making an Eſtimate, by abſtraQing 
from the different real Magnitude of the Pla- 
net and Comet) the Light of a Comet is to 
the Light of a Planet in a Ratio made up of 
the duplicate Ratio of the apparent Diameter 
of a Comet, to the apparent Diameter of 2 
Planet, and the duplicate Ratio of the diftance 
of a Planet from the Sun, to the diſtance of a 
Comet from it: And therefore the Square of 
the diſtance of a Comet from the Sun, is tothe 
Square of the diſtance of a Planet from it, ina 
Ratio compounded of the duplicate Ratio of the 
apparent Diameter of the Comet to the appt 
rent Diameter of the Planet, and a Ratio of the 
Light or irightneſs of the Planet to the Light 
of the Comet. Whence the diſtance of a Co- 
met from the Sun, is to the diſtance of a Pla- 
net from it, in a Ratio compounded of the Ra- 
tio of the apparent Diameter of a Comet, to 
the apparent Diameter of the Planet, and a ſub- 
duplicate Ratio of the Light of the Planet q 
the 
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the Light of the Comet. But each compound- 
ing Ratio is given by Obſervation; therefore the 
compound Ratio is given, namely, that between 
the diſtances of a Comet and a given Planet 
from the Sun. And from Prop. 45. B. 4. we 
hare the diſtance of a Planet from the Sun; and 
therefore we ſhail alſo have the diſtance of 2 
Comet from the Sun. 

By reaſon of the thick Smoke and the Atmo- 
ſphere it ſelf of the Comet which darkens its 
Nucleus, the Nucleus cor ſolid Body of the Co- 
met which we mean here) does not appear ſv 
bright; and therefore its diſtance from 45 Sun. 

m 


found after the above mention'd manner, 
be diminiſh'd to become true. 


SECTION II. 


Io deterninæ very nearly the Way and ap- 
parent Place of a Comet. 


Aving premis d ſome Phyſical Conſidera- 
tions concerning Comets and their Tails, 
we ſhall go on to determine their Orbits b 
Obſervation, which is the chief deſign of this 
u Book. And firſt we ſhall ſhew how, by the 
Method of that penetrating Aſtronomer Mr. 
Calin, from ſome Obſervations made at the 
ginning of the appearance of any Comet, 
the Way which it ſhall afterwards go among the 
xd Stars, and the Places which it will be in 
every Day may nearly be determin'd : Not that 
We would have thoſe be look d upon as accurate, 
ut that from thence it may be foretold in what 
& a Comet muſt be look'd for at a given 
Rrra Time; 
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Time; whether or no it will in a little time be 
hid under the Sun's Rays, when it will be 


neareſt to the Earth, and move ſwifteſt, and o- 
ther things referring to this. 


£8 - PropostTION VII. 
T ”" Nowing by Obſervation Two Places of a Co- 
met Fw from the Earth, to determine its 
Way. among the Fix d Stars, that is, its Node and 
Inclination to the Ecliptic. [ Fig. 4. | 
Let CE repreſent the Ecliptic, and let B and 
D be two Places of a Comet found by Obſer- 
vation, Let a great Circle be ſuppos'd to be 
drawn thro' B and D cutting the Ecliptic at 4, 
which by what has been ſhewn in Prop. 10. B. 1, 


will be the Way of a Comet, whoſe Situation 


in reſpe& of the Fcliptic is thus determin'd: 
'Thro' B and D draw the Circles of Latitude 
BC and DE, and alſo the great Circle, DC. In 
the Spherical Triangle DCE rectangular at E, 
ou. have given the Sides G E and E P, this be- 


ing the Gomer's Latitude when at D, and that 


the difference of Longitude of the Places of 
the Comet B and D; therefore the Side DC will 
be found. Again, in the Triangle DBC you 
have all the Sides given; namely, DC lately 
found, BC the Latitude of B, the Place ob- 
ſerv d and BD the obſerv'd diſtance of the Pla- 
ces; and therefore the Angle CBD will be 
known, and therefore its Complement CBA. 
Laſtly, in the Triangle B AC you have, beſides 
the Right Angle at C, the Side B C, and the 
Angle ABC; therefore the Side CA and the 
Angle at A will be known, the Angle being the 
Inclination of the Comet's Way to the Eclip- 
tic, and the Side, the. Interval of the Node, 
and the Point C known in the Ecliptic. 240 
f ; "51 Ro- 
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E 
C PRroPOsSITION VIII. Lemma. 
* Hree Right lines TA, TB, TD, being given 
in Poſition, drawn from the ſame Point and 
hing in the ſame Plane, from the Point A given in 
„ nne of them, (at in T A) to draw the Right line 


AC, whoſe parts AE, EC, intercepted between the 
% Right lines, will have à given Ratio, namely, 
| that of R to S. [Fig. 5.1 | 3 
q Let the Right line 4 B be drawn any how 

ſom 4, to meet with Z at the Point B; in 
e s Line (produc'd if there be occaſion) on the 
part of it towards T D, take (by Prop. 12. EL 6.) 


i BF, ſo that it may be to 4A as S to R; thro' F 
n a FC parallel to BT meeting with 7'D at C: 
d: you will have AC requir'd. For (by Prop. 2. 


de 1) AE will be to Ec, as AB to BF, that is, 
in conſtruction) as R to S. 

5 SCHOLIUM _ 
„me Poſition and Magnitude of the Right 
of be AC, are eaſily defin d, by Trigonometrical 
in cculation : For in the Triangle 47 B you 
on de given the Side 4, the Angle ATB and 
ly te Angle TAB known by drawing the Line 
hp. ; whence the Angle 4 BT and the Side 4B 
la- ul be known; therefore B F having a Ratio to 
be be given 4B is given, and for that reaſon its 
; 4 arallel, and conſequently equal C AH. Again, 
des In the Triangle TMC, knowing the Angle 
the (, (given at firſt) and CM equal to FB M 
the (chat is, to the Complement of the before found 
the 45 T to two Right Angles) and the Side C 1, 


lip -en will alſo have C7. Laſtly, in the Triangle 
40 T, having the Sides TA, CA and the Angle 
tween them ATC, you will find the third 
vide CA and the Angles TAC and TCA; that 

Rr 3 i5, 
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1 the Magnitude and Poſition of the Right line 


PRO POSITION IX. 


Rom three Obſervations made at the beginning of 
F the Appearance of a Comet, to determine the 
Place of the Perigeum, at what time a Comet will 
be in it, and to find the Place of the Comet for a 
given Time. [Fig. 6.] 

Let T repreſent the Earth, (which here, 
where we go not to the greateſt accuracy, we 
ſhall conſider as at reſt, abſtracting from its Mo- 
tion) 4B DG a Circle among the Fix'd Stars, in 
which the Comet ſeems to go, determin'd b 
Prop. 7. in which the Three obſerv'd Places of a 
Comet are, 4, B and D. Let R be put for the 
Time between the Obſervations at A and B, 
and S for the Time between the Obſervations 
at B and D: Let the Right lines TA, TB and 
TD be ſuppos d to be drawn, and, by the fore- 
going Lemma, let the Right line 4 O Be drawn 
thro' A, whoſe parts AE, EC, intercepted be- 
eween the two Right lines TA, TB, and the 
two TB, TD, are as R to S: This will be near- 
ly the Trajectory of the Comet, e in 
ome remarkable diſtance of the Comet from 
the Perihelium. For in that caſe the Way of 
the Comet is nearly ſtrait, and the Comet goes 
equably thro it; therefore the Spaces gone thra 
are proportionable to the Times: But AE is to 
EC as the Time in which the Comet is ſeen to 
move from A to B among the Fix'd Stars to the 
Time in which it is gone from B to D; and that 
agrees to no Right line drawn from 4 to the 
ſame parts of T, except 40: This is therefore 
nearly the Comets Trajetory. 


You 
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You have (by the foregoing Lem.) the Situa- 
tion of the Right line 40 and the Magnitude 
of AC in reſpect ro AT; that is, in the Triangle 
ACT you have all the Angles and all the Sides 
given. Let TP be drawn from 7, perpendicular 
to 40 the Right-lin'd Trajectory, and let it be 
produc'd till it meets with the Circle AB Dat G. 
[tis plain that the Comet moving in the Trajecto- 
540, is in its Perigzum at P; for the Right line 
Tpis the ſhorteſt that can be drawn from to 40: 
And G will be the Place among the Fred Stars, 
which a Comet in its Perigæum will appear to 
be in. To find out which, in the Triangle 
457, rectangular at P, you have the Side AT 
and the Angle PAT; from which you will know 
the Sides AP, TP, and the Angle AT, the 
Complement of PAT to a Right Angle, and 
ts Meaſure the Arc 4G, and therefore the 
Pace of the Perigzum in a great Circle be- 
tween the Fix'd Stars which the Comet deſcribes, 
when the Point A is known by Obſervation. 
This Place G of the Perigæum is thus very ea- 
llyreduc'd to the Ecliptic NR L: Thro' G draw 
the Circle of Latitude G L, meeting with the 
Ecliptic at L: And in the Triangle NLG, be- 
des the Right Angle at L, you have the An- 
ge N, (found by Prop. 7.) and NG the ſum 
(or difference) of the known Arcs NA, 46; 
whence will be known NL, the Longitude of 
the Perigæum from the Node, and G L the La- 
titude of the Comet in the Perigæum. More- 
over, knowing the Ratio of the Right lines 
ACand AP, to the ſame 4, you will alſo 
know the Ratio between 4 C and 4p: But be- 
cauſe a Comet moves equably, che Ratio be- 
tween the Times in which the Comet moves 


thro AC, AP is the ſame with the- Ratio of 


Rrr 4 AC 


. * 
_ A 
* * 


728 The ELEMENTS Book v. 


Ac to Ap; and the Time in which it has mo- 
ved from A to C is known by Obſervation, be- 
ing the ſame which is ſpent between the firſt 
Obſervation in A and the third in D; and there- ar 
fore the Time will be known in which a Comet & 
does move really from 4 to P, and apparently T 
from A to G ; that is, between a known Point W 
of Time- and the Time in which the Comet 
will come to the Perigzum. Therefore the 
Time will be known in which a Comet will be 

in its Igrigzum. | 
Beſides, let the Interval between the given 
Time for which the Place is ſought, and the 
Time of any Obſervotion (as for Example, of 
the firſt in 4) be requir'd. Let the Line 49 
be taken in the Line 40, ſo that it may be to 
AC as the lately found Interval of Time, to the 
known Interval of the Obſervations of the Co- 
met at A and P;: draw 7 © and produce it till 
it meets with the Circle NAD in the Point /, 
thro' which we muſt ſuppoſe the. Circle of La- 
titude X ro be drawn. It is plain from what 
has been ſaid before, that the, Comet is in the 
Point ©. of the Trajectory AO at the given 
Time. In the Triangle 2 AT, from the given 
Sides AT, ALD, and the intercepted Angle 
TA 2, you will find the Angle AT. Q, And 
therefore its Meaſure (namely, the Arc A) 
will be known; But the Point 4 is known; 
therefore alſo the Point /, or the requir'd Place 
of the Comet in the apparent Way at the Time 
given Bur the Situation of this Place in re- 
pect to the Ecliptic is found, by having alrea- 
dy, in the Triangle NX/, rectangular at X, 
the Angle YN X and Side NU, by having found 
N, the Longitude of the Comet from the 
| 1 5 8 Node, 
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Node, and XU in Latitude agreeable to a given 
Time. | | 

Inſtead of the firſt and ſecond Obſervations, 
any two Obſervations may be taken in this pra- 
ctice, or any one of them with the Place and 
Time of the Perigzum above found. And that 
way Epbemeriss for Comets may be made. 


SCHOLIU u. 


In a Matter of ſo little accuracy, it will per- 
haps be ſufficient to deſcribe the Way of a Co- 
met, at its firſt appearance on the Surface of 
the Celeſtial Globe, and to mark its Places for 
every Midnight of an Obſerver's Habitation by 
protraction. For if at the beginning of the 
appearance of a Comet, its Situation among 
the Fix d Stars be obſerv'd, namely, by looking 
at it with a ſtretch'd Thread, and ſo knowing 
when it lies in a Right line with two known 
Fix'd Stars, and at the ſame time finding two 
other Fix d Stars, with which alſo it lies in a 
Right line, which may eaſily be done among 
ſuch a multitude of Fix'd Stars; a great Circle 
going through two (or more) Places obſerv'd, 
mark'd in the Globe (which the farther they 
are from one another, the more exact the pra- 
dice will be) will be the future Way of a Co- 
met. But a great Circle going thro them will 
eaſily be found, by raiſing or depreſſing one of 
the Poles, and at the ſame time turning the 
Globe till the Places mark'd are at the ſame 
time found in the Horizon ; for then the Circle 
which the Horizon at that time denotes on the 
Surface of the Globe, will be the Circle re- 
quir d. Therefore its Interſections with the E- 
Cliptic will be the Nodes of the Orbit of the 
Comet, and the Angle which the Eclipric 

| makes 
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the Place of a Comet among the Fix d Stars, 
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makes with the Horizon (meaſur'd by the Alti- 
tude of the Nonageſim Degree) will be the Incli. 
nation of the Orbit of a Comet to the Ecliptic. 
Let a Circle be deſcrib'd with its Diameter equal 
to that of the Globe, as for Example. AB D, whoſe 
Center is 7, in whoſe Circumference, if you 
take the Point A, it will repreſent the Place a. 
mong the Fix'd Stars, in which the Comet was 
firſt obſerv d: Let the Arcs AB, AD be taken 
equal to the diſtances of the Places of the Co- 
met, mark'd on the Surface of the Globe, from 
the Place firft obſerv'd, and let TB, TD be 
drawn: And (by Prop. 8.) let the Right line 
AO be drawn in ſuch manner thro 4, that 
AE may be to Ec as R to 5, that is, (by con- 
ſtruction) as the Time between the firſt Obſer- 
vation and the ſecond, to the Time between 
the ſecond and the third. From T letting fall 
TP perpendicular to 40, and producing it (if 
need requires) as far as the Circumference at G; 


an Arc equal to AG being transfer'd from the 


Place firſt obſerv'd, to the Way of the Comet 
deſcrib'd above on the Surface of the Globe, 
the Point G will ſhew the Place among the 
Fix'd Stars which the Comet will be in, in its 


_ Perigzum. * 
* Moreover, if the Right line AC be divided 


(either actually, or by help of Galilzus's Com- 
paſſes of proportion) into fo many equal parts, 
as there are Hours (or Minntes, if the Scheme 


be large enough) between the firſt Obſervation 


in A, and the third in C; each of thoſe parts 


will be the Way of a Comet moving equably 


in 40 for the ſpace of an Hour, and twenty 
four of them will be the Way of it in the 
ſpace of a natural Day, and ſo on. Therefore 


for 


p 

* 
4 
A 
* 
p 

X 

x 
d, 
ö 


- 


„„ 


Book V. of ASTRONOMY. 731 
fora given Time, is determin'd upon the Globe, 
if ſo many of che foreſaid parts be taken from 
A towards O, in the Right line 40, as Hours 
are paſs'd between the Time of the firſt Obſer- 
vation and the given Time; as for Example, 
A2, and let the Right line T2, joining the 
Center J and the End 2 of the taken parts, be 
produced to V, and let an Arc be taken equal 
to AV, from a Point anſwering to A in the Co- 
met's Way, one Extremity of it will ſhew the 
Place of the Comet among the Fix'd Stars, a- 
greeable to the ſaid Time. The Place of a 
Comet for every Midnight will after the ſame 
manner be protracted upon the Surface of the 
Globe: Whence the Longitude, Latitude and 
other things belonging to a Comet, will (by the 
Operations taught in B. 2.) be eaſily defin'd. 
Theſe things which are done on a Globe, may 
likewiſe be done in any. Planiſphere in which 
the Fix'd Stars are drawn. | 
The Way of a Comet being firſt drawn, and 
the Places agreeable to different Times will be 
corrected by the following Obſervations : For 
this Operation and Calculation: is not to be ex- 
pected to be without any Error. 


PRroPOSITLION X. , 
Vo define in hat Time a Vapour going out of a 
| Comet, riſes from the Head to the Extremity 
of the-Tail. [Fig. 7.] ] | 
Let $ denote the Sun; AB part of the Tra- 
jectory of a Comet, in which let N be the Nu- 
cleus of a Comet moving from A t-wards B; 
C the Extremity of the Tail. Now ſince (by 
Corol. 3. Prop. 4.) the Tail NFC is not exactly 
turn'd from the Sun, that is, NC does not lye in 
direFum with S N, but turning towards A, the 
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parts which the Comet has left, and whoſe In- 
clination is known by Obſervation ; let S E be 
drawn parallel to NC, cutting the Trajectory 
at the Point D behind the Comet. The Vapour 
which now makes the Extremity C of the 
Tail, began to riſe frem the Nucleus when the 
Comet was in the Point D; becauſe a Vapour 
with a Motion of aſcent, or directly from the 
Sun, is compounded of the progreſſive Motion 
of the Comet impreſs d to it from the Head be- 
fore its ſeparation. But by the foregoing Prop. 
will be defin'd (exactly enough for ſuch an en- 
quiry as this, which is not very accurate) the 
Time that a Comet was at the Point D, before 
the Time propos'd of the Obſervation, as great 
as js requiſite for a Comet to go thro the Right 
line DN, given in length. Therefore the Time 
is found in which the Vapour riſes from the 
Head to the End of the Tail. | 


PrRoPosITION XI. LEMMA. 
| Right lines given in Poſition, lying in the 
ſame Plane, to draw a fifth which ſhall be cut 
by thoſe four, in three parts, having a given Ratio 
and a given Order among themſelves. [Fig. 8.] 
Let there be four Right lines given in Poſition, 
namely, AE, AC, BC, and BD produc'd in 
3nfinitum, and three Quantities given, R, S, and 
Va Right line is to be drawn cutting the four 
firſt given Lines at M, O, N and K, fo that 
AO may be to ON, as R to S, and ON to NR 
as S to. 
Let CG be taken, ſo that it may be to C E as 
S and / together to R; take alſo FC to CD, as 
R and & together to /: Draw the Right lines 
AG, B Fand produce them till they meet; thro 
their concourſe H draw HK, parallel to D 4 
; anc 


ik ih an PIFYy — a AM As. 1 
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and HM parallel to BC, with reſpective Right 
lines concurring as in the Scheme: Draw ARK 
and it will be the Line requir'd. 

For by reaſon of the Parallels HM and 7 N, 
KN is to NM as KT to TH. But becauſe 
HK is parallel to FD, KT is to TH as DC to 
CF, that is, by conſtruction, as / to R and 8 
together; and therefore KN is to NM as Y to 
R and, S together. Again, by reaſon of the 
parallels HK and OX, MO is to OK as MX to 
XH: But becauſe H M is parallel to EG, M X 
i; to XH as EC to CG, that is, by conſtruction, 
5 R to & and together; and therefore MO is 
to OK as R to S and together. But it has al- 
ready been ſhewn, that NK is to MN, as / to 
Rand S together. Therefore, by diviſion, the 
three Right lines AO, O N and N K have the 
fame Ratio to one another as the three Quanti- 
ties R, Sand /. Q. E. F. | 

We do not ſay any thing here of the Limi- 
ations and different Caſes of this Problem, as 
being manifeſt enough to any one that conſiders 
this Matter. | | | 

This Conſtruction is the Invention of the 
lamous Geometrician Sir Chriſtopher Wren. 


SCHOLIUM. 


The Poſition of the Right line MK and of the 
Points MA, O, N and X, of the diſtance from 
4, B, C, D or E, are thus ealily determin'd by 
Calculation. All the Interſections of the four 
Right lines firſt given, AE, AC, Ec, and BD, 
as the Points A, B, C, D and E, are given (by 
the 25th Datum, and the Angles at them, by the 
Inverſe of Dat. 29. wherefore the Right, lines 
AC; BC, CB, CE and BD (by the 26th Datum) 
are given in Magnitude, But (by the 24 Dar.) 
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CF and CG are alſo given, having a given Ratio 
to C D and CE reſpectively. In the Triangle 
BCFthe Sides CB, CF, and the Angle between 
them, BCF being given, you have the Side B p 
and the Angle BFC, and conſequently the An- 
gle on the other fide of it AFH. Likewiſe, in 
the Triangle 4CG, from the given Sides 40 
and CG, with the Angle AC G, you will haye 
the Angle CAG. Therefore in the Triangle 
AFH two Angles, 4 FH and FA H, which 
were before found, being given, with the Side 
between them AF, (the ſum or difference of 
the known Right lines AC and CF) the Side 4H 
will be known. Laſtly, in the Triangle 4 HM, 


having the Angle H AM, (the ſum or difference 
of the known Angle CAE, HAC) and the An- 


gle AMH, equal to the given A EC, as alſo 
the Side 4 H, you will know the Sides HA and 
AM, the diſtance of the Point M from the 
known Point 4. You may, by the ſame Steps, 
find the Sides BK and HK in the Triangle BRI. 


Therefore in the Triangle AHR, knowing the 


Sides HM, HK, and the Angle between them 
AHR (equal to ECA before known, you will 
know the Angles HMR, HK M and the Baſe 
MK: But the Angles HM A, HM K being 
given, you will have their ſum or difference 


AMR; that is, the Poſition of the Right line 


MK, AM being given in Poſition. After the 
fame manner AO, or ZN, or BR, and the An- 
gles which MX makes with them, are found by 
Trigonometry, 


Pao- 
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0 ProPosITION XII. | 

C Our obſery'd Places of a Comet being given, to 

N determine its Trajectory, if atis, Tr ig. 9.1 

F Let S repreſent the Sun; A BCD the Magnus 

- Wl Orbis; and let the Points 4, B, C and D be 

known Places of the Earth at the Times of the 

C Wl Obſervaticns; AE, B E, CG and DH; four 

6 Longitudes of an obſery'd Comet. By Prop.11, 

e draw the Right line E H in ſuch manner that its 

h part E F intercepted between AE and BF, may 

e be to FG, its part intercepted between B F and 

f CG, as the Time between the firſt and ſecond 
1 Obſervation, to the Time between the ſecond 

l and third ; and that the faid FG may be to GH, 
bs part intercepted between G C and DH, as the 
lime between the ſecond and third Obſervati- 

0 on, to the Time between the third and fourth; 
0 ind E H thus deſcrib'd will be the Mark of the 

7 Orbit of a Comet, in the Plane of the Ecliptic; 
3 


that is, if thro' a Right line, which is the Tra- 
" ectory of a Comet, a Plane be ſuppos d to be 
dawn perpendicular to the Ecliptic, this Right 
1 lie EH will be the common Section of thoſe 
c Planes, For ſince, according to the preſent 
ws Hypotheſis, a Comet moves equably in a Right 


"> Wl line, if from the Points of that Right line, in 
which the Comet was at the time of the four 
15 Obſervations, Perpendiculars be let fall to the 
mg Plane of the Ecliptic, they will fall on the 


b Right-lines AE, BF, CG, and DH reſpective- 
J ly, becauſe theſe denote the Places of the Co- 
met in the Ecliptic ; and theſe four Points will 
be in the ſame Right line, namely, the com- 
mon Section of a Plane thro' the Trajectory 
egs perpendicular to the Plane of the Ecliptic with 
che ſaid Plane of the Ecliptic ; and beſides (by 


Prop. 
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Prop. 2. El 6.) the diſtances between thoſe Points 
will be as the diſtances of the Points in which 
the Comet was found in its proper Trajectory, 
and therefore as the Times between the Obſer. 
vations : But E His the only Right line whoſe 
parts lying between the Right lines A B, B x, 
CG and DH are as the Times between the four 
Obſervations reſpectively; and therefore the 
Right line EH is the Mark of the Orbit of a 
Comet on the Plane of the Ecliptic. 

But to compare the diſtance of a given Point 
of this Right line with the mean diſtance of the 
Earth from the Sun, for a time given, we muſt 
work thus: In the Triangle 458 B you have (by 
Prop. 1 8. B. 3.) the Sides S A, S B, the diſtances 
of the Earth from the Sun for given Times, 


' . nd the intercepted Angle 48 B which is the 


difference of the Places of the Earth ſeen from 

the Sun ; therefore you will have the Angles 

SAB, SBA, and the Right line 4B the Chord 

of the Arc gone thro' by the Earth in that Time; 
that is, the Ratio of that Chord, to the Semi- 
diameter of the Magnus Orbis. Again, in the 
Triangle K AB all the Angles are given, be- 
cauſe you have the two RAB, K BA (namely, 
this laſt being the ſum or difference of the 
known Angles SBA, S B R, and the firſt like- 
wiſe the ſum or difference of the known Angles 
SAB, SAK;) wherefore you have the Ratio of 
the Sides A K and AB: But the Ratio of S4 
and 4 B was given before ; therefore the Ratio 
of SA to KA will be known. Juſt after the 
ſame manner, from two Places of the Earth, 
A and D, the Ratio between SA and 40 will 
be found ; wherefore the Ratio between SA and 
KO will be known, being the difference between 
AO and RO: But it has been ſhewn in the fore- 


going 


4 M* #8” vw? rd eo 


FP w 


C 


... E ²-ů!m ( ˙ GD OD 


e 


Book V. of AsTRONOMY., 737 


going Propoſition how to find the Ratio be- 
tween K O and X E, wherefore the Ratio be- 
ween SA and KE will be known, and there- 
fore alſo the Ratio between 5 A4 and AE. 
Moreover in the foregoing. Propoſition, the 
Angle A E H is alſo found; therefore A E is 
found, being the Diſtance (in a right line gi- 
ren in poſition) of the mark of a Comet's Tra- 
ectory from the Earth, expreſs'd in parts of 
the Semidiameter of the Magnus Orbis, and its 
inclination to the ſaid right line. After the 
ume manner B F, or CG, or DH, may be 
compar'd with the Semidiameter of the Magnus 
wh, and the Angles at F, 6 and H will be 

bund, | 
To determine this Trajectory, from E to the 
Plane of the Ecliptic, (which is the ſame with 
te Plane of this Scheme) let E M be ſuppos'd 
tbe the erected Tangent of the Angle of the 
Comet's Latitude in the firſt Obſervation, ſup- 
pling 4 E the Radius; and M will be the 
face of the Comet in the Mundane. Space for 
the firſt Obſervation, becauſe the poſition of the 
Right line A E is its Longitude, and the Angle 
MAE its Latitude. Likewiſe at H let the 
Right line HL be rais d perpendicular to the 
Pane of the Ecliptic, and equal to the Tan- 
gent of the Latitude obſerv'd the fourth time 
for the Radius DH; and L will be the place of 
a Comet in the Mundane Space for the fourth 
time: And therefore L being drawn is the 
requir d rectilineal Trajectory of a Comer, in 
which a perpendicular let fall from S will ſhew 
the Perihelium. It is plain, that the diſtance 
of the Point M from A, or the Right line 4 M 
is to the Right line A E as the ſecant of the La- 
titude in the firſt Obſervation to the Radius, and 
+ that 
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that DL is to DH as the ſecant of the Lati. 
tude obſery d the fourth time to the Radius; 
but LA will be found in the Triangle LP. 
LP being drawn thro L parallel to H E, meet- 
ing with ME at P: For beſides the Right An- 
gle at P, the ſides LP, PM are given, the firft 
of them equal to the before known H E, and 
the laſt equal to the difference of the known 
ME, HL; wherefore L M will be known, be- 
ing a Right line equally gone through by a Co- 
met during a known Time, namely, whilſt the 
Earth moves from A to D. 

Moreover, for finding the Node, the Time 
when the Comet will be in the Node, the incli- 
nation of the Comet's Way to the Ecliptic, and 
other things of this nature, let M L be pro- 
duc 'd till it meets with E H, as for Example at N. 
NH will be to HLas HE to PM, and there- 
fore known; alſo LN will be to LH as LMto 
MP, and therefore alſo given: Let a Time be 
taken which is to the Time between the firſt and 
fourth Obſervation as NL to L, and it will 
be the Time between. the fourth Obſervation 
and the moment when the Comet will be in 
the Node; for in an equable motion (ſuch as 
we ſuppoſe this of a Comet)theTimes are as the 
Spaces gone thro' : But the place of the Comet 
in the Node will be given: For ſince the point 
N is given, and (by reaſon of the Time known 
between the fourth Obſervation and the mo- 
ment when the Comet is in the Node) the Place 
alſo of the Earth is given for that moment; you 
will have (by Dat. 26.) the poſition of a Right 
line joining thoſe Points, that is, the Longitude 
of the Comet when it is in the Node. Moreover, 
becauſe you have the diſtance of the Node from I |: 
the point H (the place of the Comet * oy It 

| ourt 
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fourth Obſervation) and the Latitude of the 
Comet at the ſaid point H, (namely the two 
fides about the Right Angle in a rectangular 
ſpherical Triangle;) you will have the Incli- 
nation of the Hypothenuſe or of the Comet's 
Way to the Ecliptic. | 
PROPOSHTIOR XIII. 
Hings being as before, to find the Plate of a 
2 * ſeen from the Earth for a given Time, 
10. a 
Fe the mark or ſection of the Orbit of 4 Co- 
met be, by the foregoing Prop. determitr'd on the 
Plane of the Ecliptic, namely EHNR ; and 
LN the Orbit itſelf in the Mundane Space; 
the Points N, H, E, M and L, denoting the ſame 
= the before: Let ER be taken to EH as 
lie ſpace between the firſt Obſervation and the 
Time given, for which the Comet's Place is res 
qur'd, to the Time between the firſt and fourch 
Obſervation : Moreover, find (by Prop. 18. B.3.) 
the place of the Earth for the Time _ dz 
ve. the point . The poſition of the Right 
ine ZR whoſe two Extremities © and R are 
known, (being given by Dat. 26.) gives thi tes, 
quird Longitude of the Comet. Moreover, let 
be taken to RN as ME to EN, and the 
Latitude of the Comet will be at the given Tims- 
an Angle whoſe Radius is AR, and the Tatts 
gent the Right line R/. | | 
After this manner may you make Epheme- 
tiss of the motion of a Comet, either graphi- 
cally or by calculation. 
„„ HOLIUM : _ 
After the ſame manner you may find the di- 
dag of a Comet from the Earth, either - 
ts Perigæ or for a Time given, as we 
«i 812 . ſhorten d 
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ſhorten'd as in its Trajectory, expreſs'd if 
parts of the Diameter of the Magnus Orbis; as 
alſo the Angle which the Trajectory of a Co. 
met makes with a Right line joyning a Comet 
and the Earth, and which the mark or ſection 
of the Orbit of a Comet in the Plane of the E. 
cliptic contains with a Right line drawn from 
the Earth to the place of the Comet in the E. 


cl 1 F ; 
woe COROLLARY. 


Hence the true Magnitude as well of the Nu- 
cleus of a Comet, as of the Peruke or Hairineſs 
about it like an Atmoſphere, will be determin'd; 
for when once you know the Diſtance of a Co- 
met and the apparent Diameter of the Nucleus, 
and of the Atmoſphere about the Nucleus by 
obſervation, their Magnitude will be known 
after the ſame manner that the Magnitude of 
the Planets is known from the like Data in 
Prop. 46. B. 3. For by knowing the Places of 
the Sun and of a Comet, the Angle which the 
Tail makes with a Right line joyning the 
Earth and a Comet will be known, and the 
Angle at the Earth which the Tail of a Comet 
ſubtends is known by. Obſervation ; from which 
things being known and from the given diſtance 
of a Comet from the Earth (namely the fide 
between the faid Angles ) the length of the 
Tail will be known : Its thickneſs will be found 
the ſame way as that of a Comet. 


$zCT105 


E 
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SECTION III. 
To determinie the true Trqqectom of a Comet. 


W E have in ſome of the foregoing Pro- 

poſitions ſhewn how to find ſuch a Tra- 
jectory of a Comet as does not much diſagree 
with the Phænomena, not only becauſe ſuch 
a TrajeQory will ſuffice for nearly determining 
the Places of ſeveral Comets, and becauſe a 
pretty many of the chief Philoſophers did be- 
lere that a Comet was really carried in a Right 
line; but alſo becauſe by that means we have 
aid a Foundation for finding the true Parabo- 
ical or Elliptical Trajectory to be deſcrib'd 
ſom Obſervations, which we ſhall do in the 
bllowing Pages, after we have premiſed ſome 
Propoſitions concerning the motion of a Comet 
n Conic Section for the better underſtanding 
dit, and laid down neceſſary Lemmas. 


PRO POSITION XIV. LEMMA. 


F the Right line GA B touches the Parabola VA, 
whoſe Vertex is V and Axis VWD in the Point A; 
and from F the Focus of the Parabola F C be let fall 
perpendicularly on the ſaid line, it will be a Mean 
3 between the Right lines FA and FV. 
ig. IT. 

Let * right line touching the Parabola and 
the Axis of the Parabola be produc'd till they 
meet together, as for Example at B: Thro A 
let AE be drawn parallel and AD perpendicular 
to the Axis; and BY will (by Prop. 35.B. T. El. 
Conic.) be equal to Y D, and by the well-known 
catoptrical property c- 72 Parabola) the An- 


ſ 3 gle 


FC is to any other FC in a ſubduplicate ratio 
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gle GAE is equal to the Angle FAB 5 But 161 
GAE is equal to ABF; whence FAB is e- 41 
qual to FBA, and therefore FB is equal to F 4, i 
and AC equal to C B; therefore ( by Prop. 2. 

El. 6.) VC being drawn is parallel to A D, that 

15, perpendicular to B F. Whence (by Prop. 8, 

El. 6.) CF is a mean proportional between B 


and therefore C F is a mean proportional be- 
tween FA and FV. 2. E. D. 
COROLLAET I. 


Hence it follows, that in the ſame Parabola 
FC is in a ſubduplicate ratio of FA, or that this 


in 
fro 
wh 
thr 
ng 
and VF: But A F has been ſhewn equal to B , 
rec 
Po 
ra 
pe 
4 
{nt 


of this FA to another FA agreeable to ano- 
ther ſaid FC; or ſince F is conſtant and un- 
changable, FC4 will be as FA itſelf, and there. 
fore the right line FC itſelf in a ſubduplicat 
ratio of the right line F 4. 


COROLLARY 23 

If in FV produc'd be taken / H equal to VF, 
and the infinite Line HK be drawn parallel to 
VC, on which from any point 4 of the Para- 
bola AX be let fall perpendicular, it will be 
equal to FA the diſtance of the point 4 from 
the Focus. And converſly if 4 K, let fall per- 
pendicularly from 4 on the right line H, be 
equal to the right line 4 F; the point 4 will 
be in che Parabola above deſcrib'd, whoſe Fo- 
cus is Fand Vertex V. 

The Firſt it appears from hence: That BV is 
equal to V D (by Prop. 33. B. 1. Conic.) and HV 
by conſtruction is equal ro V, and therefore BF 
is equal ro HD: But it has been before ſhewn, 
that AF is equal to B F and by (Prop. 34. El. 1.) 
K is equal ro HD; whence KA and FA are 
equal. | | Put 


4 
Þ 
tl 
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But the ſecond from hence: By ſuppoſition 
AK is equal to A F, wherefore the point A is 
in a right line perpendicular to FR rais'd 
from its middle point. Now, if a Parabola 
whoſe Vertex is J and Focus F, does not go 
thro 4, let it go thro' any other Point of the 
right line KA, (or produc'd if occaſion require) 
as for Example 4 : Becauſe (by what has been al- 
ready ſhewn, Fa is equal to RA; whence the 
Point & is in the foreſaid perpendicular to FX 
nis d from its middle Point. Therefore the ſaid 
perpendicular will meet with the two Points 
4and « of the right line K A, which is ab- 
ard ; and therefore a Parabola whoſe Focus 
b Fand Vertex V, will go thro' the point 4, if 
AK and 4 F be equal. 


PRO POSITION XV. ; 


Fa Body moves in aParabola,(and at the ſame time 
be urg d by Forces tending to the Focus of the Para- 
Wa, which Forces are . oport ionable to the 
Square of the diſtance of the Foc Velocity in any 
joint of the Parabola is reciprocally in a ſubduplicate 
ratio of the diſtance from the Focus of the Parabola. 
(Fig. 12.] | 
Let DC be theParabolical Trajectory of a Body, 
whoſe Focus is S; it is plain (from Corol. 2. Prop. 
41.B, 1.) that its Velocity in the point C 1s reci- 
procally as SE drawn ah moped from 
the Focus & on the right line CE, which 
touches the Parabola at C, or that the Velocity 
of the Body in C is to its Velocity in c as Seto 
SE; But (from Corol. 1. of the foregoing Prop.) 
Se is to SE in a ſubduplicate ratio of the right 
line Se to the right line SC; and therefore the 
velocity of the Body in C is to its velocity in c 
in a ſubduplicate ratio of the right line Sc to 
| 8114 the 
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the right line SC ; that is, the velocity of the 
Body is inverſly in a ſubduplicate ratio of its 
diſtance from the Focus. 2. E. D). 


P REO POSITION XVI. 

HE ſame things being ſuppos d as before, the 

velocity of a Body in any point - of a Para- 
hola is to the velocity of a Body paving in a Circle, 
about the ſame center of Forces deſcrib d at the (amy 
diſtance, as the Diameter of a Square to its Side. 

For (by Cor. 1. Prop. 41.B.1.) the velocity ofa 
Body moying in a Parabola at the leaſt diſtance 
from the Focus (that is, in the Vertex of the 
Parahola) is to the velocity of a Body moving 
in a Circle at the ſame diſtance about the ſame 
center of Forces, in a ſubduplicate ratio of the 
principal Latus rectum of the Parabola to twice 
the diſtance of the Vertex from the Focus : But 
the principal Latus refum of the Parabola is e- 
qual to four times the diſtance between the Fo- 
cus of the Parabola and its Vertex, and therefore 
the velocity of a Body moving in a Parabola af- 
ter the manner mention'd, whilft it is in its Ver- 
tex, is to the velocity of a Body moving in 2 
Circle about the ſame center of Forces at the 
ſame diſtance, in a ſubduplicate ratio of Four 
to Two, or of Two to One; that is, in the ſamę 


ratio which the Diameter of a Square has to its 
Side. Again, (by the foregoing Prop.) the ve- 
locity of a Body in any other Point taken at 
pleaſure, is to its velocity in the Vertex in a ſub- 
duplicate ratio of the diſtance of the Vertex 
from the Focus to the diſtance of the ſaid Point 
taken at pleaſure from it: And (by Prop.27.B.1.) 
if Bodies, which are urg'd by Farces reciprocal- 
ly proportional to the ſquare of the diſtance 
from the Center, deſcribe about a given Center 
ö 


Book V. of As TRONO Mx. 745 


Circle, at the ſame diſtances as the forementi- 
on'd Points of the Parabola, the velocity of a 
Body revolving in a Circle paſſing chro* the 
ſaid Point, will be to the velocity of a Be dy in 
a Circle paſſing thro the Vertex of the Parabola 
in a ſubduplicate Ratio of the diſtance of the 
Vertex from the Focus, to the diſtance of this 


other taken Point from it; that is, in the ſame 
Ratio that the velocities of a Body carried in a 
Parabola at the ſame Diſtances, have been 
ſhewn to be to each other. And therefore by 
Tranſpoſition the velocity of a Body moving in 
a Parabola at a Point taken at pleaſure is to the 
velocity of a Body moving in a Circle at the 
ſame diſtance, as the velocity of a Body moying 
in a Parabola at thè Vertex, to the velocity of 
it moving in a Circle at the diſtance of the ſaid 
Vertex ; that is, as was before ſhewn, in a 
Ratio of the Diameter of the Square to its ſide. 
LED. 


PrRoPoSITLION XVII. 


He velocity of any Comet 10 to the velocity of 

any Primary Planet in a ſubduplicate Ratio of 

twice the diſtance of a Planet from the Sun to the 
diftance of a Comet from it. 

It is plain from the Firſt Book, that tho' the 
Way of a Comet about the Sun be Elliptical, yet 
by reaſon of the great Excentricity of ſuch an 
Ellipſis, it may be look'd upon as a Parabola in 
whoſe Focus the Sun is; at leaſt in that part of 
it which being in our Planetary Region is ſub- 
ject to Obſervation, it does not ſenſibly differ 
from a Parabola. And it is plain from the Third 
Book, that the Orbits of the Primary Planets, 
by reaſon of their ſmall Excentricity, differ very 
little from Cirgles concentric to the Sun. 

8 | ; Whence, * 
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Whence, from the foregoing Prop. it is plain, that 
the velocity of a Comet is to the velocity of a 
Primary Planet revolving at the ſame diſtance as 
the Comet in a Subduplicate Ratio of Two to 
One. And the velocity of ſuch a ſuppos d Pla- 
net is to the velocity of any other Primary Planet 
revolving at any diſtance (by Prop. 27. B. 1.) in 
a ſubduplicate Ratio of the diſtance of this ſaid 
laſt real Primary Planet's diſtance-from the Sun, 
to the diſtance of the ſuppos d one, that is, to 
the diſtance of the Comet itſelf from it: And 
therefore the Ratio of the velocity of a Comet, 
to the velocity of any Primary Planet, made up 
of the Two aforeſaid, is equal to a ſubduplicate 

Ratio of twice the diſtance of the Planet from 
the Sun to the diſtance of the Comet from it. 
2. E. D. | 


COROLLARY. 


Hence the velocity of a Comet may be com- 
par'd with the velocity of any Primary (as for 
example of the Earth) carried about the Sun, if 
the Ratio be known between the diſtance of a 
Comet from the Sun, and the mean diſtance of 
the ſaid Planet from it. 


ProPosITION XVIII. 


any Are of it ACB, whoſe Chord AC is biſſected 
in the Point M, thro” which the right line MV 3s 
drawn parallel to the Axis of the Parabola meeting 
the Parabola in V, and produc'd to G, ſo that MV 
be the double of VG; let GS be drawn rene AB 
in Q, and be produc d to E, ſo that SE me) be the 
double of SG : If Comet deſcribes the Parabolic Are 
AC; about the Sun S (as in the oF Prop. B. I) 


the right line EC, joining the Comet when it is any 
| where 
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Et PAB be any Parabola whoſe Focus is S, and 
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where in the (aid Arc {as at C) and the Point E de- 


termin d before, will cut the Chord AB in D, in ſuch 


manner that A D will be nearly to DB as the Time 
in which a Comet deſcribes the Arc A C, to the Time 
that it deſcribes the Arc C B. [Fig. 13.] | 

Draw the right lines SB, SD, SC, GA and 4 
draw alſo GD meeting with the Parabola at K. 
Beeauſe MV is parallel to S X it will (by Prop. 
46. B T. El. Conic.) cut all the right lines parallel 
to AB terminated by the Parabola into two e- 
qua! parts, and therefore it will divide the Pa- 
rabolical Segment ' comprehended under the 
Curve AY B, and the right line AB into two 
equal parts or half Segments AHYVM and BCYM. 

hro / draw F parallel to 4B, (which b 

Prop. 17. B. 1. El. Conic.) will touch the Parabo 
in /) meeting the right line GD at F, and let 

is ſuppoſe the right lines SF, CF to be drawn. 
Becauſe by conſtruction MV is the double of 
J, and ES alſo the double of SG, MY will 
be to /G as ES to SG. But by reaſon of the 
Parallels F and MD, DF is (by Prop. 2. El. 6.) 
to FG as MV to VG; and therefore E is to 
FG as ES to SG. Therefore the right line 
SF will be parallel to the right line EC (by 
Prop. 2. El. 6.) and therefore the Triangles DSC, 
DFC (by Prop. 37. El. r.) will be equal: But the Tri- 
angle D FC is nearly equal to the Triangle DRC, 
by reaſon of the nearneſs of the Points Fand K; 
therefore the Triangle DS C will be nearly equal 
to the Triangle DKC. Moreover, the Triangle 
MAG is (by Prop. 1. El. 6.) to the Triangle 
Ain a {clquialeeral Ratio, becauſe they 
have the ſame Vertex A and the Baſe GM is to 
the Baſe MY as one and a half to one. But 
the Triangle AV M (by the 24th Prop. of Ar- 
ebimedes of the Quadrature of the Parabola) is ſub- 
ſeſqui- 
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ſeſquitertial to the Segment 4H; therefore 
the Triangle AGM is eight times and a half the 
Semiſegment AHV, namely, in a Ratio com. 
pounded of a ſeſquialteral and ſubſeſquitertial 
Ratio. Again, the Triangle MED is nine times 
its ſimilar /G F, the ſide MG being three times 
greater than the homologous ſide YG; therefore 
the Triangle AG is eight times and a half the 
Trapezium MV FD: therefore the Triangle 
AGM is to the Semiſegment AH VM as the 
Triangle MGD to the Trapezium MV FD ; and 
again, the half Segment A4 HY M is to the Tra- 
pezium MVFD as the Triangle 4 G M to the 
Triangle MGD, that is (by Prop. 1. El. 6. (as the 
right line AM to the right line M D. But the 
Trapezium AVF) is nearly equal to a protion 
of the Parabolical Segment MV KD contain d 
under the right lines KD, DM, MV and the ſmall 
part VK of the Parabolic Curve; and therefore 
the Semiſegment AHV is nearly to the porti- 
on MV KD as the right line A M to the right 
line MD. Wherefore the half Segment AHVM 
encreasd by MV KD (that is, the Parabolical 
Area AHV KDA) is to the Semiſegment when 
the ſaid part is taken from it (that is, the part 
BCKDB) as A M and MD together to MB when 
MD is taken from it, or as ADto DB; and 
the Triangle A SD is alſo to the Triangle BSD 
(by Prop. I. El. 6.) as AD to DB. There- 
fore the ſpace SA HVKDS is to the ſpace 
SBCKDS as AD to DB. Now if to the firſt 
ſpace you add the Triangle DKC, and from the 
Sum take away the Triangle DSC, equal to the 
foreſaid Triangle, by what has been already 
ſhewn, you will have the ſpace SAHKCS equal 
to the ſaid firſt ſpace. Likewiſe, if to the laſt 
ſpace be added the Triangle DSC, and — 
| Sum 
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Sum be taken the Triangle DK C equal to it, 
qu will have the ſpace SBCS equal to the ſaid 
55 ſpace. Therefore the right line 4 D is to 
the right line DB nearly as the ſpace S A HyYVcs 
to the ſpace SC BS. But the ſpace SAHVCS 
is the Area which a Comet by a Radius drawn 
to the Sun deſcribes whilſt it goes through the 
Parabolic Arc AC, and the ſpace SBCS is the 
Area which the ſame Comet deſcribes after the 
fame manner as it goes thro' the ArcCB; and 
theſe Areas (by Pp. 11. B. 1.) are as the Times 
in which a Comet deſcribes the Arcs AC and 
CB: therefore the right line 4 D is to DB 
nearly as the Time in which a Comet deſcribes 
the Parbolic Arc AC to the Time that it de- 
ſcribes the Arc BC. But the point C (the Co- 
met's place) is taken at pleaſure: Therefore 
miverſally the right line E C does ſo divide the 
right line 4B at D, that 4 D is nearly to D B 
z the Time in which a Comet deſcribes the 
ue AC, to the time in which it deſcribes the 
ue CB. 2.E.D. | 9 


SCH OLI UN. 

If the Point C coincides with the Vertex 7 of 
the Parabolic Arc, then A D will be to D B ac- 
curately as the Time in which a Comet deſcribes 
the Arc A C, to the time in which it deſcribes the 
Arc C B. For [ Fig. 14.] the Triangle ASD is (as 
it was before) to the Triangle BSD as AD to 
BD, and alſo the Semi-ſegment 4 HY M when 
the Trapezium MV FD is taken from it, is to 
the Semi-ſegment BVM encreas d by the ſaid 
Trapezium MY FD as AD to BD: But the 
Trapezium MV F Dis made up of the two Tri- 
angles DMV and DFV; and therefore the Tri- 
angle 48 DP the Semi- ſegment AHVM—, 
ke Triangle D M5: the Triangle D FV is 

4 to 


550 De Erz ENTE Bock V. 
to the Triangle BSD the Semi- ſegment B 1 
M+ the Triangle DA + the Triangle P 
FV as 4D to BB. Inſtead of the Triangle 
D FV, let us make the Triangle DS equal to it; 
and the Triangle 48 D+, the Semi-ſequent 
AHV M— the Triangle DPM the Trian- 
gle DSC will be to the Triangle BSD-+ the 
Semi-ſegment” BY M4 the Triangle D MV + 
the Triangle DSC as AD to DB; that is, the 
Area ASCH A is to the Area CS BC, or (by 
Prop. I. B. .) the Time in which the Comet de. 
ſcribes the Arc AC, to the Time in which it de. 
ſcribes the Arc CB, as the right line AD to the 
right line DB ; and that accurately ; for the 
Curvſlineat ſpace has not been taken nearly e- 
qual to the Rectilinear one, as it was done in 
the Propoſition, when the Point C was different 
from the Point /. | 

COROLLART I. 

Hence it follows, that the nearer the Point 
C be to the Vertex of the Segment, ſo much 
more accurately is the Chord A B divided by 
the right line E C into the two Segments 4 D 
B D, having to one another the Ratio of the 
Times in which the Comet goes thro' the Arcs 
AC, CE: For if it falls in with V, that is exact- 
ly ſo; if not, then it is nearly ſo. But we muſt 
obſerve that the Error will be lefs if C is diſtant 
from towards B, than if it ſhou'd be as far di- 
ſtant from it towards 4; becauſe the Portion 
VA of the Parabola nearer to the principal Ver- 
tex X 15 more, curve, and declines ſooner from 
the right line VF Tangent to it,than the portion 
VB remoter from X. And hence it happens, that 
if three moments of time be requir'd at whichthe 
Comet is in three Points of the Parabola (ſuch as 

| | ars 
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are A, C and B)ſo diſpos d that the right line EC 
may cut the Chord 4B in D, ſo that AD may be 
to DB accurately as the two Times between the 
three intercepted Moments, the ſaid Times muſt 
de nearly equal to one another. For in ſuch parts 
of the parabolic Trajectory as we can obſerve, 
the Point D (where the right line joyning the 
Vertex V and the Point E cuts the Chord AB) 
is not very far diſtant from M the middle point 
of the Chord, But that interval of Time where 
the Comet mov'd ſloweſt muſt be ſomething 
greater than the other ; for it is plain thatwhen 
the Comet is in V, where the thing requir'd is 
aatly found, that the right line DB is greater 
than A D; that is, the time in which the Comet 
(hen moving ſloweſt by Prop. 15.) deſcribesthe 
ue BC, is greater than the Time in which the 
id Comet by a ſwifter Motion deſcribes the 
Arc AC. But it is ſafer to take Times that are 
not very unequal, that the point D may rather 
it lecline towards B than A, upon account of the 
h ſon before alledg d; namely that the Error 

may be leſs if C is diſtant from V towards B 
than towards A. 

COROLLART2 {Fig. 15.] 

IfV, the Vertex of the Segment, is not far 
diftant from X the principal Vertex, nor the 
Point C from, the right line & C, drawn from 
S$the true Focus of the Parabola, will divide 
the Chord A B in , nearly in a Ratio of the 
Times in which the Comet deſcribes the Arcs 
40 and CB. If SVis very great in reſpect of 
MV, A N will be the triple of A: For in 
that caſe the right lines S. 26, S are to be 
look d upon as parallel; therefore (by Prop. 2. Kl. 


6.) M9 is to Y as MG to G; that is, by 
Sonſtruction, as 3 to I, 


ö 


* 


CO ROL. 
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COROLLARY 3. I 
Things remaining as before, Q E will be e. 
qual to 3. 9 S+ 3 MV: For by conſtruction 5 
E is equal to 2 SG, therefore G E is equal to 
3 SG, that is, GE= 3 SA 39G: if therefore 
om each ſide be taken G, —— will be equal 
to 3 S A +2 2G: but by reaſon of the Pa- 
rallels 9G, yV, A is to Vas MG to MV, 
that is as 3 to 2; wherefore 226 = 35. 
and yV is equal to AV, becauſe the Angles 
»y MV and MyV are equal, by reaſon of 57 
and MV, which make equal Angles with a right 
line touching the Parabola at V, which (by Pry. 
46. B. 1. of Conics) is parallel to the Chord 45; 
therefore 3 MV = 29G; and therefore 9 E= 
3 9 S+3 MV. If the poſition of the right line 
A be a little chang'd, all che foregoing things 
will notwithſtanding be nearly true. 


Prorosr TION XIX. LE MMA. 


F in the Parabola BAP, whoſe Focus is 8, from 
the Chord drawn AB be cut off the Segment 
AVB, hoſe Vertex is V, and Diameter V M meet- 
#ng with the Chord in its middle Point M, and from 
M to AB be drawn perpendicularly M meeting at I 
with the right line LV parallel to A B, and the Pa- 
rallelogram VIM K be fill'd up; as the Points V and 
M come together, or as the Segment AVB is naſcent, 
the Diagonal IK produc d, falls upon S. [ Fig. 16.] 
For (by Prop. 17. B. 1. Elem. Conic.) the right 
line LI touches the Parabola at V, whence the 
Angle SV L is equal to the Angle MV 1: But 
becauſe the Parallelogram M KVT is rectangu- 
lar, the Angle RV is equal to the Angle MV7; 
and therefore the Angle K1V is equal to the 
Angle SVL, therefore (by Prop. 28. El. I.) IK is 


parallel to /S, and it is always ſo; therefore 
| when 
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when the Points I and / come together; that 


- Wis, when A and come together, the right line 
K produc d goes thro the Focus S. &. E. D. 
4 | 
e 


COROLLARY [Fig 11] 


1 WM Hence it follows, that if from any Point C of 
„tte Patabola, neat the Vertex of the Segment 
| B, be drawn the right line C I parallel to the 
„chord A B meeting with the right line MT at I, 
„ Wd sIbe drawn, which cuts the Chord in x, 
„ Wand the Parallelogram TAN be fill'd up; the 
c int / will be nearly the Vertex of che dee 
nent, if the diſtance of the Focus be immenſly 

a * than either of the right lines CI, IM, or 
For it is well known to Geometricians, 
0 hat the Immenſity of the right line SX, in fe- 
ect of the right lines C 7, IM; MK, brings the 
matter to the We as if we make the Segment 
{Bto vaniſh ; in which caſe the Propoſition is 


ſkin from what has been already ſaid. 


 _ Profosition XX. 

ET A B be any Parabola whoſe Focus is S; AVB 
any Arc of the Parabola, whoſe Chord is AB 
ad vertex V and Diameter MV; let the tight line 
be draws and producd at L and R, ſo that V L 
e the third part of MV, and SR a third pro- 
„„ nl co SV, SL; if Comet, at the ſame time 
] JW i deſcribes the Parabolic Arc A VB about the 
he n S, ſhou'd go forward equably with the ſame velo- 
he I") which it bas at à diſtance from the Sun equal to 
ut 1 it x d deſcribe a Line equal to the Chord AB. 
u- As. 28.1 2 1 
IJ; Let the right line & / meet with the Chord 
he 4B at Z: now ſince the Angles FV, GV, 
is fire equal, therefore alſo their alternate Angles 
re Nen the two Parallels AB, G F, namely, Z MV, 
. M V, 


M Z V will be equal, and the right lines y Z, 
V M are equal. Moreover, (by Corol. 5. Pry, 
41. B. 1.) if a Comet deſcribing the Parabo 

P AB, at the ſame time that it deſcribes the 
Arc AV B, ſhou'd go on with the velocity that 
it has in / equably in the Tangent J F, the Arc, 
which it wou'd deſcribe by a Radius drawn to 
the Sun, wou'd be equal to the Parabolic Area 
AVBS A: And as S 1s inclind to the Tan- 
gent / F in the fame angle that $2 is inclin d 
to AB, the ſpace contain d in length by the 
Tangent deſcrib'd (as has been ſaid) and 57 
wou d be to the ſpace contain d under the right 
line AB and S Z as the Parabolic Area 4VBS4 
to the Triangle 458 B; that is, as the Triangle 
45S + the Parabolical Segment A. B to the 
Triangle AS B; that is, as the Triangle ASB++ 
of the Parallelogram 4G FB to the Triangle 
ASB; that is, as ABX5£2S ABM to ABX3.25; 
that is (by applying it to AB) as 3ZS+2M 
to 225, or as ZS NV to ZS. But/Li 
made equal to N; and it has before been 
ſhewn that Z V is equal to A; therefore ZI 
is equal to NA. And therefore the ſpace 
containd in length by the Tangent deſcribd, 
and SY wou'd be to the ſpace contain'd by 
ABand ZS, as SZ ZL to S2; that is, SL 
to SZ. And by applying the antecedents of 
this Analogy to SY, and the conſequents to 
S Z, the length in the Tangent deſcrib'd wil 


be to the Chord 4 B, as _ —— or Unity 
that is as SL, to SV. Moreover (by Prop. 15.) the 
velocicy of a Comet deſcribing a Parabola, in 
the height or diſtance from the Sun SY, is to 
the velocity of it in the height or altitude SR, 
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in a ſubduplicate Ratio of S R to S/; that is, 
3 SL to SV: And the Lengths gone thro' in 
the ſame time by moving Bodies carried equa- 
bly, are as theVelocities ; therefore the length in 
the deſcribed Tangent is to the length deſcrib'd 
in an equal Time (namely the time in which 
the Comet goes thro the Parabolic arc 473) 
by the Comet equalby carried, with the velo- 
city that it has in the altitude 8 R, as SL to 
V Since therefore the ſaid length deſcrib'd 
along the Tangent has the ſame Ratio, (namely 
that of § L to S/) to the Chord AB as it has 
to the length which the Comet wou'd go thro 
tnoving with the velocity that it has at the al- 
titnde § R, during a Time equal to that in 
which the ſame Comet deſcribes the arc 47 Bz 
theſe lengths »will be equal to one another, 
tamely the Chord AB, and the length gone 
thro' by a Comet with the ſame velocity that it 
las at the altitude 8 R, and in the ſame time 
that che ſame Comet deſcribes the are 4% B. 
NE. D. | 


COROLLART 


H SI be very great in reſpe& of / IL; the 
tiree Geometrical Proportionals S/, SL and SR, 
will be alſo nearly Arithmetically Proportional; 
that is, LR will be equal to / L, or to the third 
part of AV; therefore VR will be nearly e- 
qual to half MV. And therefore equably mov'd 
with the velocity that it has in an altitude or 
diſtance from the Sun equal to SVN, and 
In the ſame Time that it wou d deſcribe the 
Parabolic arc AV B, wou'd go thro' a length 
equal to A B, the Chord of the ſaid are. 


Tet 9 PRO. 
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_. _.._ ..,,ProPbsITION XXI. 


N the ſame Figure as before L vix: Fig. 18.) j 
a Comet from reſt ſuou d be let fall from t 
Height L S toward the Sun 8, and afterward ſhou'd 
be urg d by the centripetal Force which it has at L 
weither encreas d nor diminiſh d; ſuch a Comet in ha 
the Time that it woud deſcribe the Parabolic Arc 
A VB, woud deſcend along a right line equal to half 
the length of the right line M V. | 
By the foregoing Propoſition, in the Time 
that the Comet deſcribes the Parabolic arc 
AVB, if it ſhou'd move equably with the velo- 
City that it has in the Parabola, at an altitude or 
diſtance from the Sun equal to S R, it wou'd de. 
ſcribe a length equal to the Chord A B: But 
the velocity of a Comet in a Parobola at the 
altitude & R (by Prop. 16.) is to the velocity of 
a Body going round in a Circle at the ſame di- 
ſtance from the Sun, in the circumference of 
which Circle it is retain'd by the force of its 
Gravity, in a ſubduplicate ratio of Two to 
One; therefore the arc which a Body carried 
in a Circle whoſe Semidiameter is 5 R, goes 
thro in the time that a Comet deſcribes the 
Parabolic arc 4 l B, is to AB the Chord of a 
Parabolic arc, as 1 to , and therefore equal 


tor but (by Corol. 1. Prop. 25. B. x.) any Bo- 


dy let fall from reſt towards the Sun, the ſame 
centriperal Force always acting (as is here ſup- 
pos d] in half the time that it goes thro the 
arc of a Circle deſcrib'd with the diſtance from 
the Sun whence it had fallen as a Radius, it 
falls thro' a ſpace equal to the Square of 
half the ſaid circular arc, (that is to the ſquare 


— 


a ww  C/>  Q TE 


of 


757 
of half 5 applied to the Diameter of the 
Circle or a SR; that is, to the Square of = 

2 


AMI 
applied to 28 R * FR: Therefore the 


ſpace thro which the Body let fall from reſt 
on the Height RS goes Yo” in its fall, in 
half the time that a Comet will deſcribe the 


Parabolic are! 4 VB, is equal to 451 But (by 


Prop. 42. B. 10 the centripetal Force, or the ac- 
celerating Gravity towards the Sun at the di- 
ſtance S L is to the accelerating Gravity to- 

wards it at the diſtance & R as SR to SL4z 
that is, by reaſon of the. Proportionals S R, SL, A 
as S R to SV: and therefore ſince a Comet 
lepriv'd of all motion and let fall from R, in 
ulk the time that ic wou d deſcribe the Parabolic 
wc AVB falls toward the Sun tho a ſpace equal to 


4 
45R R it will i in the ſame Time, being aſter the 
ame manner let fall from L towards the Sun, go 


thro' a ſpace which is to i as SR to SY; 


that is, a ſpace equal to > Moreover from 


the nature of a Parabola, 4 ST is the Latus re- 
un of the Diameter YA; that is, the Rectangle 
contain'd under 4. SV and VM is equal to the 


Square of A M, therefore = is equal to the 


"de line VM: Therefore a Comet depriv d 


of all — and let fall from the Height LS 


2 towards 
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towards the Sun S, if it be urg d by an accelera, 
ting Force or uniform Gravity equal to that by 
which it was urg d at the ſaid altitude S L, in 
f the time that it wou'd deſcribe the Parabo. 
ic arc AV B, will fall along a Right line equal 
to the Right line // 24. 2. E. D. | 
PROPOSITION XXII. LE MMA. 
F from the Point 8, which is the Focus of the Pax 
rabola AVB, and the center of the Circle J tr, 
be'drawn the equal right lines SN and St and there 
he alſo drawn the right lines A B, Ts, Chords f 
the arcs whoſe Vertices are V and t, cutting the right 
lines SV, St. in the Points D aud N, ſo that VD 
and t N may be equal and very ſmall in reſpect of the 
right lines S V and St; the Chord AB will bet 
the Diameter of the ſquare, whoſe fade is the Chard 
Jr, in 4 * N. ratio of the rigbt line S t u 
the right line SD. | Fig. 5! | | | 
Thro' V draw VM parallel to the axis of the 
Parabola, meeting with the Chord at 24, and 
which (by Prop. 46. B. 1. Conic.) will be the Di- 
ameter of the Segment AV B, whoſe Parame- 
ter is the quadruple of the right line S /; there- 
fore AM"*==4SVxV M. And as (by Prop.z5.E1.3.) 
TN9%=tS+SNxtN,equal to za Stxt N becauſe Sim 
SN; then AM: H:: TN9 : 2 SN N, there- 
fore (by taking the quadruples of the antecedents 
and by tranſpoſition the Analogywill be this ABA: 
Zra:: 4 N; 2 Sixt: N. But (by what has been 
ſhewn in the demonſtration of Prop. 20.) VM= 
D, and by ſuppoſition MD rr N; therefore by 
apply ing the third Term of the foregoing Ana- 
logy to VM and the fourth to : N, ABd: Tra:; 
4: 2 St; that is, (by reaſon that S V and St are 
equal by ſuppoſition) AB: Trd;: 287: SV; that 
15, as 2ST to SY or SD: and by doubling the 
Conle- 
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a 


Conſequents, A BA: 2xT7*::28t:2SD; that is» 


as DS to St: Therefore ABis tow2xTrT in a 


ſubduplicate Ratio of St to S D. 2, E.D- 


PROPOSITION XXIII. LEMMA, 


F about the Focus S be drawn any two Parabola t, 
ACB, EGB, in which the Chords AB and 
EF being drawn, cut off Segments whoſe wertices are 
C and G, in ſuch manner that the right lines S C and 
SG cutting the foreſaid Chords in D and H, CD 
js equal to GH; I ſax that A B i, to EF in a 
ſubduplicate Ratio of the right line S C to the right 
line S G. [Fig. 20. ] 

Thro C draw C M the Diameter of the Seg- 
ment ACB, and thro G the right line G K, the 
Diameter of the Segment /G F, meeting with 
the reſpective Chords at M and KX. The Para- 
neter of thoſe Diameters are equal to the qua- 
imples of SC, S G, ſhewn as before; and (by 

« 49. B. 1. Conic.) A Md willbe =4SCxCD 
EK1= 4SGxGH: Whence AM1= is 
© EKA as 4SCXCD to 4SGxXGH, that is, 
(by reaſon of the equality of CD and GH) as 
C to SG; and therefore AM is to EK in 
2 ſubduplicate Ratio of SC to S G. Whence 
4B (the double of 4 1) into EF (the double 
ot EX) in a ſubduplicate Ratio of SC to S G. 


' PROPOSITION XXIV. 
O deſcribe a Parabola about a given Focus, in 
ſuch manner that it may paſs thro two given 
Points, [Fig. 21. ] 

Let $ be the given Focus, and AB, the two 
given Points thro! which the Parabola muſt paſs: 
with the Centers A and B, and the diſtances 45 
and BS draw two Circles, and (by the Con- 


ſtruction of the 118th Prop. of the 7* Book of 


Pappa: Mathemat. Collect.) draw the the right 
Tet4 _ line 
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line CD touching each of them, on which 
from the Point S let fall the perpendicular 5 B 
which muſt be biſected at V. With the Vertex 
V, and the Axis VS X, and a Latus rectum equal 
to the quadruple of the right line “5 (by Prop. 
52. B 1. Conic.) draw a Parabola, and it will be 
the Parabola requir'd. | 

That 8 is the Axis of the deſcrib'd Parabola is 
plain from this, that in the Axis of the Parabola 
Fe is diſtant from the Vertex of it the fourth part 
of the Latys rectum, Which is the moſt known 

roperty of the Focus of a Parabola. And that 
t goes thro the points A and B is prov'd thus; 
The Axis V X of the Parabola is produc'd be- 
yond the Vertex to E, ſo that / E may be e. 
qual to VS, the diſtance of the Focus from the 
Vertex; and thro' E the Right line CED is 
drawn. perpendicular to the Axis of the Parbola, 
and the point A is ſuch, that AS its diſtance 
from the Focus, is equal to AC, which (by 
Prop. 18. El. 3.) is 2 perpendicular, drawn from 
A to the right line CD: Whence (by Corel. 2. 
Prop, 14.) the before deſcrib'd Parabola goes 
thro 4, and for the ſame reaſons it alſo goes 
thro'B. QE. F. GY ee 

This Problem might have been look d upon 
as ſolv'd by the 26th Propoſition of the Third 
Book, as was there obſery'd ; but by reaſon of 
its great uſe we have put it in this place. Two 
Points given in a Parabola do the ſame here as 
three Points given there in an Ellipſis, becauſe 
the Ratio given in every Parabola between the 
Latus rectum and the Latus tranſverſum is equiva- 
lent to one Point. It is not neceſſary to make 
uſe of a Trigonometrickl Calculation to deter- 
mine the Parabola's Vertex, Parameter, &*c. for 
they will be eaſily found by the latter part of 
the 26. Propoſition of the 34 Book, ; 
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PROPOSITION XXV. 
F. ſome Places of a Comet obſerv d, to find its 


T Place for any intermediate Time given; and to 
determine the Time in which it ſhall be in any inter- 


mediate Place. [Fig. 22. ] 


Let the line W123 be the Way of a Comet, 
and the obſerv'd Places 1, 2,3,4,5,6,7, in ſuch 
manner that an equal ſpace of Time may be 
ſpent between the moments that a Comet was 
obſerv'd in the Points 1 and 2, and that during 
which jt mov d from 2 to 3, or from 3 to 4, or 
from 4 to 5, and ſo on. Let ſuch a Time be 
call'ld 7. Let the firſt differences of thoſe Pla- 
ces from the fix d Point V,; viz. VI, V2, V3, 
YA, V's, Oc. be taken (as is uſual with Aſtro- 
3 that is, the arcs 12, 23, 34, 45, Go. 
which we ſhall call A4, B, C, D, E, F: Again, take 
their ſecond Differences, or the Differences of 
the firft Differences, namely, G, H, R, L, M; and 
then the Differences of thoſe ſecond Differen- 
ces, or of the Arcs V1, V2, V;, &c. the third 
Differences P, Q, R, S; and ſo on, till we come 
to Differences equal to Nothing, namely the 
differences of equal Differences immediately 
preceeding. Every one of the equal Times 
ſpent in going thro' the Arcs A, B, C, &c, 
(namely 7) muſt be ſuppos d divided into any 
nuchber of equal parts, (the more of them the 
more accurate the thing will be) and let an 
Are gone thro' by a Comet in any Time T be 
divided into as many parts as T is divided, in 
ſuch manner that the Differences of thoſe pares 
reckon'd from Y ſimilar to the Differences of 
VI, V2, V3, V4, Cc. may be equal to nothing; 
and let them, being encreas'd or diminifh'd, go 
on in the ſame order towards the ſame pares, 
an 
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and ſo one of them being in the middle, may 
be contain'd as often in the whole Arc as the 
Time which belongs to it here is contain'd in 
the whole Time, which will be eaſy for any 
one that underſtands Aſtronomical Calculations; 
As for Example, if the third Differences of the 
given Arcs VI, Va, V3, V4, &c. are found 
to be equal to nothing; then from V to the 
Diviſions of 4, B, C, &c. of the computed Arcs, 
the third Differences be alſo equal to nothing; 
if in the other caſe only, the fourth Differences 
are equal to nothing; here the fourth Diffe- 
rences will alſo vaniſh,” and fo of the reſt ; and 
the points of diviſion of the Arcs will be the 
places of a Comet analogous to the moments of 
Time: But the intermediate Arcs may ſafely be 
reckon'd to be gone thro: equably by a Comet, 

For thus it will happen, that every Arc 12, 
23, 34, or 45, Will be gone thro' by the Comet 
* mov'd after the fame Law that it moves thro' the 
whole Arc 17: For from the conſtruction every 
one of the foreſaid Arcs, and every part of them 
containing as many parts as the Arc 17 con- 
eains of the parts 12, 23, 34, Cc. is divided af- 
ter the ſame manner as the Arc itſelf in the 
Points 2, 3, 4, 5, 6; and as the Times between 
the moments, at which a Comet comes to thoſe 
Points, are equal, as alſo thoſe in which the 
Arcs 12, 23, 855 45, Cc. are deſcrib'd; it is 
pu that a Comet will come to the found 
Points in Times agreeable to the known Times, 
becauſe a Comet is mov'd after the ſame tenour 
when it deſcribes any of thoſe Arcs, as it was 
mov'd when it deſcribed the preceeding or fol- 
lowing Arcs, which plainly happens in every 
natural motion. But the moments of Time be- 
ing known, that a Comet comes to known 

| ; Points, 
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points, and it being beſides ſuppos d that a Co- 
met goes equably thro the little intermediate 
Arcs, which may ſafely be allow'd if theſe Arcs 
(namely the parts of the Arcs 12, 23, 34, 45, 
r.) be ſmall enough, that is, if 7'be ſuppos d 
tivided into a number of parts great enough; 
zny intermediate Time being given between 
the moments that a Comet was at the Points 
1 and 7, the Place which the Comet is in will 
be known: And on the other hand the Time 
will be known when the Comet comes to a gi- 
en Place between 1 and 7. 


SCHOLIUM. 


Aſtronomers commonly make the foreſaid 
Time Ta natural Day. But if a Comet cannot 
e exactly obſery'd after 24 Hours are paſs'd, 
hey reduce the place that it is obſerved to be 
none or two Hours before or after to the end 


che natural Day, ſuppoſing the motion made 


uche mean time to be equable, which in ſo 
ſmall a Time can cauſe no ſenſible Error. In this 
Matiſe they divide the natural Day, or the 
Time expreſs'd by J in the Propoſition, into 
four parts, or parts of ſix Hours, which they ſup- 
poſe enough, unleſs the motion of the Comet 
bevery much accelerated or retarded, and they 
vou d proceed very exactly; in which caſe they 
diride that Time, (at leaſt thoſe ſix Hours in 
which the given Time is found, for which the 
Comet's Place is requir'd) into Hours, and at 
laſt very ſafely ſuppoſe that the motion of a Co- 
met during one Hour is equable. | 
It often happens that in the moſt exact ob- 
ſervations of a Comet, the third Differences of 
the Places reckon'd from a fix d beginning, 
Which are denoted in the ſaid Fig. 24, by 
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P, Q, R, S, are equal to nothing, or that their of 
ſecond Differences G, E, K, L, M, that is, the ſi 
firſt differences of the Arcs, A,B,C,D,E,F, are cl 
equal to each other: Therefore Aſtronomer, Il © 
divide the Are which a Comet goes thro in 24 i 
Hours, into 24 parts, ſuch that the Arc which ll © 
belongs to the 12th Hour ſhall be the 24th par: I f. 
of the Arc which the Comet is obſerv'd to go Ml *© 
thro' in the ſpace of a natural Day ; or rather la 
(ſince this arc is not preciſely in the middle, but lo 
together with the arc of the following Hour 
takes up the middle place) the diviſion is made 
in ſuch manner that the two arcs belonging to 
thoſe two Hours taken together, ſhall make 2 
ewelfch part of the arc deſcribed in the ſpace 
of a natural Day, and fo that the firſt differen- 
ces of thoſe parts ſhall alſo be equal to each v- 
ther, or there ſhall be no ſecond Differences; 
and at laſt the greater parts ſhall be on the ſame 
ſide in reſpect of the leſſer, as they are in the 
arcs A, B, C, D, E, E, and to every Hour they give ( 
one of thoſe parts in the ſame order. For it | 
will by. that means happen, that a Comet being 
after the ſame tenour ſimilarly accelerated or 
retarded, ſhall deſcribe any arc in the ſpace of 
one Day, as it deſcrib'd the arc 15 in the ſpace IM ® 
of four Days: For there is only need of the Ob- be 
ſervations of four Days near one another to 
know whether the Differences of the arcs, 12, 
23, 34, 45, are equal to teach other. And if the 
propos'd Time falls between four other Days, 
they again inveſtigate what Differences become 4 
equal; and ſo go on as before. 3 
This Method is not only made uſe of to de- pf 
termine the place of a Comet in its apparent I + 
Way for an intermediate Time, but alfo (if 
you divide the motion of the Comet into * 
0 


of Longitude and'that of Latitude, Right Aſcen- 
ion and Declination, as is uſual, or any way 
elſe) that from ſome of its Places obſery'd ac- 
cording to any of theſe Circumſtances, its Place 
may be found according to the ſame for an in- 
termediate Time 828 For here it is only 


ſuppos'd that the Comets motion, conſider'd 
xccording to any Direction, goes on after the 
fame tenour for any one ſingle Day, as it does 
for ſeveral Days before and after it. | 

This way of proceeding by Differences is ve- 
ry uſeful alſo in many other things, (as for Ex- 
ale, for calculating Tables to ſmaller Diviſi- 
ons) which have been treated of at large by the 
Reverend Father Gabriel Mouton of Lyons, who 
teaches the manner of working by theſe Diffe- 
rences in his Book of Obſervations of the apparent 
Diameters of the Sun and Moon, | 


propos fire XXVI. 


JO determine by Obſervation the Trajectory of a 
Comet moving in a Parabola, | Fig. 23.] 
Let S denote the Sun, Tir the Orbit of the 


Earth : Chooſe three Obſervations, diſtant from 
one another almoſt equal intervals of time, yet 


ſo that the Time may be greater where the Co- 
met moves the ſloweſt.: Let the Points T, f and 2 
be Places of the Earth for the ſaid Times ; that 
s, Ta Place of the Earth at the firſt Obſerva- 
tion, : is Place at the ſecond Obſervation, and 
7 at thee third. If ſuch Obſervations are not 
given, the Place of the Comet is (by Prop. 25.) 
to he found for One Time in thoſe circumſtan- 
ces in reſpec of Two other Times at which the 
Places agreeable are obſerv'd. Joyn Ti, and 
from t let : N fall perpendicular to it: Let the 
right lines 7 4, C, 7 B, be three obſervd Lon- 
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gitudes ; therefore theſe three right lines arg 
iven in poſition. In that of them #C which is 
n the middle, take any where the Point C for 
the mark of a Comet's Track on the Plane of 
the Ecliptic : From C to the Plane of the E- 
cliptic draw perpendicularly the Right line 
Cy equal to the Tangent of the known Lati. 
tude of the Comet in the ſecond Obſervation, 
rc being ſuppos d the Radius: Joyn 75, Cs, 
in the laſt of which towards S take CD in ſuch 
manner that it may be to the known t N (which 
is the vers'd Sine of the known arc Tt) as a S0. 
lid, whoſe Baſe is the Square of St and Altitude 
2 Right line SC, to the Cube of the Right line 
Sy: Thro' the Point D draw (by Prop. 8.) the 
Right line ADB meeting with T 4, + B at 4 
and B, ſo that 4 D may be to DB as the Time 
between the firſt and ſeeond Obſervation is to 
the Time between the ſecond and third; and 
A and ̃ will be nearly the Mark of the Comet; 
Way on the Plane of the Ecliptic in the ſirſt 
and third Obſervation, if ſo be that the Point C 
rightly taken be its Place in the ſecond Obſer- 
vation. Becauſe by ſuppoſition C is the Mark 
of the Comet in the Plane of tlie Ecliptic in the 
ſecond Obſervation, and Cy the Tangent of 
the Latitude obſerv'd from t the Radius being 
tC; it is plain, that y is the Comet's place in 
the Mundane ſpace, and S the diſtance of a 
Comet from the Sun in the ſecond Obſervation. 
Thro' D draw D parallel to C, which (by 
Prop. 8. El. 11.) is perpendicular to the Plane of 
the Ecliptic, and is found in the Plane of the 
Triangle SC, : Let it meet Sy at 4. The ra- 
tio of the Right line v to the Right line : N, 1s 
compounded of the Ratio of y, to C D and the 
Ratio of CD to tN: But (by Prop. 2. El. 6.) y# 
13 
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| is to CD as yS to CS, and CD is to tN as 
tx sc to the Cube of the Right line 85 
BW whence is to: N in a Ratio compounded of 
by toCS and the Ratio of Su C to the Cube 


the Riight line Sy: And the Ratio com- 
unded oftheſe two, is the ſame with the Ra- 
tio of Sta to Sy; and therefore y& is to -N as 
dee to $94, But (by Corol. 1. Prop. 25. B1.)tN 
is nearly the Space thro' which the Earth be- 
ing let fall from reſt wou' d by the Force of its 
gravity fall towards the Sun during the time 
that it deſcribes half the Arc T, if it was every 
where urg'd with the ſame accelerating Gravity 
uniformly continu'd which acted upon it in the 
Place t, becauſe : N is nearly equal to the ſquare 
of the arc Tt applied tothe Diameter of the Mag- 
ps Orbis: And from B.1. the accelerating gravity 
towards the Sun in the Place t is to the accele- 
1 nting Gravity towards it in the Place , as 89 
„ 0 Sta, namely in a duplicate reciprocal Ratio 
a of the Diſtances from the Sun, and the Spaces 
ich are gone thro' in the ſame time by the 
C ation of thoſe Forces, in deſcent towards the 
Vs, are in the ſame Ratio as theſe Forces; and 
* Wl therefore the Right line 7 0 is the ſpace thro' 
which the Comet let fall from reſt at » towards 
the Sun wou'd fall, in half the time that the 
Earth deſcribes the arc Tr, if it was every wa 
ated upon by theſame acceleratingGravity as { 
tormly continu'd as it is urg'd by in the Place ; 
then 1 , will be nearly the ſpace which a Co- 
met by its fall towards the Sun would really de- 
ſeribe in half the time that the Earth deſcribes 
the arc T7 of its Orbit; that is, in half the time 
that a Comet deſcribes an arc of its Trajectory 
intercepted between the two Longitudes 74 
and 7 B, and therefore the Point 4 is in the 


Chord 
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Chord of that Arc. And therefore if as well 


the marks of « 5 the arc aforeſaid of the Tra- 
jectory, intercepted between the ends of the 
obſerv'd Lengths TA and 7B, as the marks ofthe 
point 4 be conceiv'd in a Plane by letting fall 
perpendiculars to the Plane of the Ecſiptic, name- 
ly AC; and D; the point D wou'd be in the 
hord of the arc AC B. But᷑ the Chord of the arc 
AC is ſuch (by Corol. 2. Prop. 1 8.) as to be divi- 
ded by SC almoſt in a ratio of the Times in which 
the Comet reduce d to the Ecliptic deſcribes the 
arc AC, CB; and by conſtruction the right line 
AD is divided in the fame ratio, and it is the 
only. Line which can be drawn with theſe con- 
ditions. Since then the Chord of the arc, which 
is the mark of part of a Comet's Trajectory 
intercepted between the ends of the Lengths 
TA, 2 B, muſt be terminated by the right lines 
JA, TB, and go thro D, and be divided at D 
in a ratio of the two Times betwen the three 
Obſervations; and ſince the right line ADB 
has all theſe three Conditions, and is the only 
line which has theſe Properties ; it is plain that 
the right line A D B (drawn as before menti- 
on'd) is the Chord of the ſaid arc, therefore the 
points 4 and B are nearly the mark of the Way 
of a Comet in the Plane of the Ecliptic in the 
firſt and third Obſervations, if C be its true 
mark in the ſecond Obſervation. | 
But becauſe the point C is not taken near e- 
nough, and tho' it had been the true Point, yet 
the Points A and B deduc'd from it are not ac- 
curately enough defin'd ; we muſt from theſe, 
however irregularly determin'd, correct all at 
laſt. For which end, in Fig. 29. (where the 
ſame conſtuction is ſuppos'd as in the foregoing; 


leaving out only ſuch things as were neceflary 
£9 
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to prove the things above, but now left out to 
avoid confuſion) at M the middle point of 
the right line AB raiſe M 7 perpendicular 
to AB, which the right line C 7 will meet 
with in 7, being Urawn through C parallel 
to BA; draw SI cutting AB in KX, and 
fill up the Parallelogram AI R, and take 
the triple of MX: Draw 9 $ and pro- 
duce it to E till QE be equal to 39 S+31K. 
The point E being determin d, let the Signs or 
Letters A, A, D and B, be ſuppos d blotted out; 
Et C E be joyn d, and in it towards E take the 
new CD in a duplicate Ratio of the right line 
5C to a right line equal to SY IR, and 
thro' the point D lately found (by Prop. 8.) draw 
1new line A B terminated at TA and 7B, in 
ſuch manner that A4 D may be to DB as the 
Time between the firſt and ſecond Obſervation, 
o the Time between the ſecond and third Ob- 
kration, the Point A and B will be more ac- 
arately than before the Marks of the Comet in 
the Plane of the Ecliptic at the firſt and third 
Obſervation, if the point C be ſo rightly taken 
t; to be its Mark in the ſecond Obſervation. 
let us imagine from every point of the Comet's 
Trajectory perpendiculars to be let fall on the 
Plane of the Ecliptic, or (what is the ſame) let 
is imagine that a Cylindric Surface is rais'd 
perpendicularly upon the plane of the Ecliptic, 
and goes thro' the Comet's Trajectory; by the 
points mark d on the Plane of the Ecliptio by 
the aforeſaid perpendiculars will be drawn (or 
the common Section of the ſaid cylindric Sur- 
lace with the plane of the Ecliptic will be) a 
parabolic Curve AC B, whoſe Focus is S, or a 


Curve very little different from a Parabola: 
The Chord of that Arc AC B comprehended 


Uun (as 
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(as we have before ſhewn) between the right 
lines T A, 7 B, is nearly the before drawn A B, 
whoſe middle Point is 44. And as in the ſaid 
arc the point C is taken not far from the Ver- 
tex of the Segment ACB,(for, for that reaſon the 
Times of theſe Obſervations are taken at almoſt 
equal invervals from one another, yet in ſuch 
manner that that Time may be ſomething great- 
er where the Comet moves flower) and a right 
line is drawn parallel to B A meeting with 2 
perpendicular drawn from M to AB at I, and 
S. I drawn cutting A B in K, and the Paralle. 
logram IMKV fill d up; and ſince moreo- 
ver upon account of the immenſe diſtance of 
the Sun, the diſtance of the points M and / 
vaniſhes in compariſon of it, that is the aid 
Points come together; (by Corol. Prop. 19.) Vi M.. 
the Vertex of the Segment 4CB. If Vs be th 
drawn cutting the Chord at Y (by reaſon of 
the immenſe diſtance of the point S) Vr will 
be nearly parallel to IX, therefore K Y equal 
to IV, and therefore to AHR; but by conſtru- 1 
ction M. 2 is the triple of M4 K, whence it ö 
alſo the triple of K T, and therefore alſo of the 
remaining Y 2; for which reaſon (by Corol. 2. 10 
Prop. 18.) As being drawn is the ſame as 28 
in Prop. 18. and its Corollaries, that is, in Qs pro- 
duc'd towards $ you find the point E, from 
which any right line being drawn cutting the fall 
Chord AB, and the Arc 4CB, cuts the Chord all 
into Segments that have to one another the 
ratio of the Times, in which the adjacent arcs 
are deſcrib'd by a Comet. Moreover by con- 
ſtruction © E is equal to 3 2.S+.31K, and IK 
equal to MV (they being the Diameters of the 
ſamo rectangular Parallelogram ; ) whence N 972 
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Corol. 3. Prop. 18.) the point E above determin'd 
is the ſame, from which a right line being 
drawn any how divides the Chord A into 
Segments having the ſame ratio as the Times 
in which the two parts of the Arc AB mark'd 
out by the ſame riglit line produc'd are deſerib d 
by a Comet, which before we had falſly (tho 
not too erroneouſly) Tuppos'd of the Focus S; 
Having therefore, to avoid confuſion, rubbed 
ont the former CD drawn towards 5, a new 
line muſt be drawn towards E, which is to the 
former as the ſquare of SC to the ſquare of 
$/++1K, that is; (by reaſon of the equal lines 
IK and MT) to the Square of SV + 4 M7; and 
$C is nearly equal to S/: Wherefore the new 
CD is to the former C D as the ſquare of S to 
the ſquare of S L, ſuppoſing / to be the third 
part of A or 1K, as in the conſtruction of Prop. 
20, and Prop. 21. But (by Prop. 42. B. 1.) the 
xccelerating Gravity towards the Sun in the 
pace L is to the accelerating Gravity towards 
t in the place C (or V) as the ſquare of S C (or 
S/) to the ſquare of SZ: And as the accele- 
rating Gravities towards the Sun in different Di- 
ſtances,ſo are (the faid Force remaining) the Spa- 
ces run thro? by falling during the ſame Time 
towards the Sun; and therefore the new C D is 
to the former CD as the ſpace gone thro' by 
falling towards the Sun (the fame accelera- 
ting Force acting which acted at the place L,) 
during half the Time that the Comet deſcribes 
the Are intercepted between the length T 4 
and 7B, is to the ſpace gone thro in falling 
towards the Sun, the ſame accelerating Gravi- 
ty acting which acted at C. But the Conſequents 
df this nalogy are equal, therefore the Antece- 
dents are alſo equal; that is; the new drawn CD 
s equal to 4 ſpace gone thro' by a heavy Body 
| | U uu 2 falling 
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falling towards the Sun half the Time that a 
Comet deſcribes the Arc ACB in the Echiptic, 
by the action of the ſame accelerating Gravity, 
which obtain'd at the diſtance S L from the Sun 
uniformly continu'd. But ( by Prop. 21.) the 
ſpace thro which a Body falls towards the Sun, 
in half the time that a Comet deſcribes the Arc 
AVB, (for now we conſider the motion of a 
Comet as made in the Plane of the Ecliptic, 
looking at the mark of a Comet's Trajectory in 
the Ecliptic inſtead of the Trajectory itſelf ) 
when it is urg'd by the ſame acceleratiug Gra- 
vity towards the Sun which acted at L uni- 
formly continu'd, is equal to VY the Segment 
of the right line /S, intercepted between the 
Vertex and the Chord AB; therefore near- 
ly equal to the Segment CE of CD intercept- 
ed between the Point C (near to /) and 
the Chord AB. Whence the point D is in the 
Chord 4 B much more accurately than before; 
that is, the chord of an Arc, which in the plane 
of the Ecliptic, is the mark of a Comet's Traje- 
Aory intercepted between the lengths TA and v 
goes nearly thro' the point D determin'd laſt. 
Moreover (byProp.18.) the forefaidChord drawn 
thro' D muſt have ſuch a ſituation between T 4 
and 7 B that AD may be to DB as the Time 
in which a Comet deſcribes an arc of the Eclip- 
tic between the lengths TA and t C, to the Time 
in which it deſcribes the Arc intercepted be- 
tween : C and - B: But A B is (by Prop. 8.) 
drawn in ſuch manner thro' D that AD is to 
DB in that ſame ratio, namely as the Time be- 
tween the firſt and ſecond Obſervation is to the 
Time between the ſecond and third; therefore 
AB is rightly drawn and as it ought to be, name- 
ly going thro D, and divided at D as is guy" << 
2 8 fore. 
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fore. And therefore, if the point C is righely 
taken for the mark of the Comet's Place at the 
ſecond Obſervation, the points A and B are 
nearly the marks of its Place at the firſt and third 

Obſervations. | 
Now what remains, is to know whether the 
point C in the middle of the Longitude be the 
mark of the Comet rightly taken ; if not, the 
error ariſing from it muſt be corre&ed, the o- 
ther things hitherto done remaining unalter'd. 
Having rubb'd out the former Parallelogram 
IMKY made on the former leſs accurate Chord 
AB, make anotheron the laſt and more accurate 
Chord AB with the ſame conſtruction as before. 
From A, M and B draw Aa, Nu and B g, of 
which let 4 be the Tangent of the known La- 
titude in the firſtObſervation for the Radius TA, 
and B g the Tangent of the Latitude at the third 
Obſervation for the Radius 7B : Draw a /, with 
which M meets at w. If theTrapezium AB g 
be erected perpendicularly to the plane of the 
Ecliptic, the right line AB remaining, the points 
«and gj (as was before ſhewn) are the places of 
a Comet in the Mundane Space,it the point C is 
its Mark in the Plane of the Ecliptic in the ſe- 
cond Obſervation, and the Plane going thro' 
the three points 5, « and g, be the Plane of the 
Comet's Trajectory: Therefore the right line 
«6-15 the Chord of the Arc -of the Parabolical 
Trajetory gone thro' by the Comet between 
the firſt and third Obſervation,and Sz Sg are re- 
ſpectively the diſtances of a Comet from the Sun 
at the firſt and third Obſervation, that is, the true 
diſtance of every point of the Comet's Traje- 
ctory from the Sun, is the Hypothenuſe of the 
rectangular Triangle, one ſide of which is the 
diſtance from the dun of the Mark of that point 
in the Plane of the Ecliptic, and the other a per- 
Uuuz pendicular 


* * 4 * 2 — 89 , y p : p 2 
1 e » - N n : - — 
4 0 | 


1194 The ELEMENTS Book V. 
pendicular drawn from that point on the Plang 
of the Ecliptic to the point which terminates 
the Trajectory. As ſome of thoſe perpendicu- 
lars are longer, as B g, and ſome ſhorter, as 
As, take a middle one between thoſe, as for 
Example, MA]; and commonly ſpeaking, the 
diſtance of any point of the Comet's Trajectory 
from the Sun, will be nearly the the Hypothe- 
nuſe of a reqangular Triangle, one fide of 
which is the diſtance of the analogous point 
deſcrib'd in the Mark of the Trajectory, ànd the 
other the right line Au itſelf. Which being 
done in MA (or MA produc'd) take MH e- 
qual to SV 1K, that is, equal to & R, ſup- 
oſing LR equal to LV, and draw Hy; this 
line will be nearly equal to the diſtance from 
the Sun of a point of the Trajectory (whole 
mark is /) encreasd by the double of the 
right line intercepted between the point and 
the Chord of the Arc of the Trajectory, name- 
ly « & in the erected Trapezium 4 B g a, t hat is, 
the right line H is equal to a right line in the 
Plane of the Comet's Trajectory, analogous to 
SR in its Mark in the Plane of the Ecliptic; 
that is, Hu is equal to the right line SR in 
the Parabola of Prop. 20. By the Corollary of 
the 17th Propoſition, let the velocity of a Co- 
met when it moves in its Parabolical Trajecto- 
ry at a diſtance from the Sun equal to the right 
line H, be compar'd wiih the velocity of the 
Earth towards the Sun, and the line which the 
Comet moving equably with the ſaid Velocity, 


wou'd go thro' in the whole time that the Earth on 

deſcribes the Arc Tr, or in the whole Time an 

that a Comet goes thro' the Arc ACB in the T1 

Ecliptic, be defin'd in parts of the Arc Tr de ·¶ ſy, 

{crib'd by the Earth at the ſame time; which] fre 
| may 
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may bg eaſily done in the following manner. 
Calculation ſubtract the length of the Arc 
7; deſcrib'd by the Earth between the firſt 
and third Obſervation, ſuppoſing any round 
number for the mean diſtance of the Earth from 
the Sun; a length (as for Example Z,) which 
js to this Arc in a ſubduplicate ratio of the Di- 
ameter of the Magnus Orbis to the known right 
line Hu, and which therefore is given, is the 
length requir'd ; namely that which a Comet 
equably carried with the ſame velocity that it 
has when it deſcribes its Parabolic Trajectory 
at a diſtance from the Sun equal to H « wou'd 
go thro in the time that a Comet does really 
po thro' an Arc whoſe Chord is 4 8 : For (by 
Prop, 17.) the velocity of a Comet at the ſaid 
diſtance Hu is to the velocity of the Earth in 
the above-mention'd Ratio. But (by Prop. 20.) 
the ſaid Length Z is equal to the Chord of an 
irc which a Comet does really deſcribe in that 
time : Therefore if Z be found equal to the 
Chord 4 8, it is certain that the point C in the 
Longitude obſerv'd the ſecond time was rightly 
taken for the Comet's place; therefore 4, C 
and B, are the three places or Marks of the Co- 
met in the Plane of the Ecliptic. | 
If Z be not found to be equal to the right line 
ab, that is, if the point C be not rightly taken in 
(the Longitude obſerv'd the ſecond time; in 25 
(or ag produc d if occaſion require) take « o, 
B 1 Equal to Z, take alſo AF, BP, equal to 
4% BT, in ſuch manner that Fand e may be 
on the ſame ſide of the right line 4a, and P 
and on the ſame ſide of the right line B 6. 
Then by the ſame method, that from the aſ- 
ſum d point C were found the points 4, B, D, E, P, 


from other aſſum'd points 2 C and 3 C, find the 


Uuu4 new 
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new 24, 23,2, 2 , aP, and 34, 3B, 3 D, 3.3 p, 25 
in the 26th Figure; where the ſame things re- 
maining, and the ſame letters being us d as be- 
fore, thoſe things are only left out of which 
we have no more occaſion to ſpeak. If Z be 
leſs than 2 f, or AF, or BP leſs than AB (as 
it happens in this 261 fg.) the point 2 C muſt 
be taken nearer to the point (in which 74 
and and 7 B meet;)and ſo on, if at leaſt 34, 
3 F, be greater than 3 A4 3B: But if on the 
contrary AF be greater than 4 B, 22 C muſt be 
taken greater than C; and ſo on if at leaſt ; 4 
3F be leſs than 3 4, 3 B. Thro the points , 
2 F and 3 F draw a Circle, which cuts the right 
line 7 B between B and 3B; as for Example in 
O, if the new points 2 C, 3 C be taken in the 
manner before ſhewn. Likewiſe thro' the points 
P,2P and 3 P, draw a Circle cuting the right 
ine TAin X; the points O and X will be the 
laces of a Comet reduc'd to the Ecliptic, or 
the Marks of the Comet at the firſt and thirdOb- 
ſervation. ' For it has been above demonſtra- 
ted, that the points A and B are the Marks of 
the Comet in the Plane of the Ecliptic at the 
firſt and third Obſervation, if C be its Mark in 
the ſecond : The ſame does likewiſe obtain in 
2 4,2Band2C; and alſo in 3 4, 3 B and 3C. 
It is alſo demonſtrated that C is truly the Mark 
of the Comet's Place in the ſecond Obſervation, 
if Z be equal to 4 6; that is, if either of the 
right®lines A Fand BP be equal to A B; that 
is laſtly, if the points B and F coincide, and A 
and P. And therefore, if (things remain as be- 
fore) the points B and F coincide, ſuch a point 
B will be the Mark of the Comet at the third 
Obſervation ; Likewiſe when A and P coincide, 
{uch a point 4 will be its Mark at the firſt Ob 
n 


1 r © = © m.o, © o& © Kt por ra 


k. - 


Lon. 
Low ms 


Book V. of ASTRONOMY, 777 
ſervation. And to make theſe coincide, thro 
the three rightly found Points F, 2 Fand 3 F, a 
Circle is drawn, that is, a very ſimple line go- 
ing thro' three Points, cutting the right line 
7B in O. Since then the point O be as well in 
the place of the point B, namely in the right 
line 7 B, as in tae place of the point F, namely 
in a Circle; when the point B happens to be 
at O, the point F will alſo be there, that is, in 
that caſe the Points B and F will coincide z 
and therefore the point O is the true Mark of 
the Comet in the plane of the Ecliptic at the 
third Obſervation, all the requiſite conditions 
agreeing with it. Likewiſe for the ſame rea- 
n ſons the point & is the true Mark of a Comet in 
E the firſt Obſervation. Therefore, if from the 
ts point O to the plane of this Figure, which repre- 


t ſents the Plane of the Ecliptic, be drawn the per- 
6 pendicular Oo, equal to the the Tangent of the 
9 known Latitude in the third Obſervation for 


b- WH the Radius 10; „ will be the true place of a 
a- Comet in its Trajectory. Likewiſe X perpen- 
of Wt dicular to the Plane of the Ecliptic rais d at the 
he point X, equal to the Tangent of the Latitude 
in WF # the firſt Obſervation of the Radius TX, 
in will ſhew the point ; the other place of the 
C. Comet in its proper Trajectory. With the Focus 
$thro' the points © and (by Prop. 24.) deſcribe 
on, W 4 Parabola ; and it will be the Comet's requir'd 
Trajectory. But becauſe there are two Para- 
bolas deſcribd about the Focus & paſſing thro' 
the two Points „ and £, which of theſe is the 
Traje&ory of our Comet will appear from any 
obſervation of the Comet: For its Place deduc'd 
bird Yon one of thoſe Parabola's will agree to the 
ide, Sbſerv'd Place, but taken from the other will 
not, Therefore we have from Obſervations 
A | determin'd 
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determin'd the Trajectory of a Comet movin 
in a Parabola. O. E.F. 25 
For one may in TA or vB, chooſe Points at 
pleaſure, as was done here in C, and work 
with the Points deduc'd from hence in the two 

TLemaining lines; after the ſame manner that we 
work d with the Points in TA, 2 B. 

In the foregoing Inveſtigation, whether A- 
rithmetical or Graphical, or compounded of 
both, there is no regard had to the Monthly 
Parallax of the Sun ariſing from this, vix. That 
it is not the Earth's Center, but the common 
Center of Gravity of the Earth and Moon which 
is carried in the Magnus Orbis; for this Month. 

ly Parallax of the Sun, three times greater than 
the Diurnal, is ſenſible in the defining of the 
Orbits of ſome Comets: Therefore we muſt 
by it correct the Comet's obſery'd Places. 

If the Elliptic Orbit of a Comet be found to 
agree better let it be thus deſcrib'd: Find the 
Mark of a Comet in the Plane of the Ecliptic in 
the ſecond Obſervation ; and it will be the ſame 
in order. and ſituation between the points C, 2C, 
3 C, as the point O was between B, 2B, 3 B, or 
as X between 4, 2 4, 3A: from the Mark thus 
found, raiſe perpendicularly to the Plane of the 
Ecliptic a line which is the Tangent of the 
Latitude in the ſecond Obſervation for a Ra- 

dius equal to the diſtance between : and the 
faid Mark ; the upper end of the ſaid Perpendi- 
cular, or the end of it above the Plane of the 
Ecliptic, is the Place of the Comet in its Tra- 
jectory obſerv'd the ſecond time. An Ellipſe 
with the Focus S drawn thro' the points o, & 

and the lately found Point ( by Prop. 29. B. 3.) 
will be the requir'd Orbit of the Comet. 
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N SCHOLIUM. 
The foregoing Method for determining the 
int O or the point & is univerſal, and of great 
uſe in ſeveral Phyſical Aproximations. For the 
moſt part three Points, as here 4,2 4 and 3 4 
found according to Art from the three aſſum 
ones, viz. C, 2 C and 3 C, muſt be ſo poſited 
that the requir'd Point may be between their 
Extremities A and 34 which is the reaſon why 
fromthe three Points, P alone muſt be plac'd 
on the other ſide of the correſponding point A:) 
for thus will the requir'd Point be more cer- 
tinly and nearly determin'd by the interſecti- 
on of a Circle with the right line 42 4, in 
which it muſt neceſſarily be, than if the re- 
quird Point being beyond A and 3 4 was to be 
letermin'd by the Interſection of a right line 
vith the Circle beyond the points A and 3 P; 
for the ſame reaſon from ſome obſerv'd place of 
f me Comet (or of any other moy'd according 
e any Rule) its Place and its intermediate 
o Wl ime whatever is more certainly defin'd, than 
place or Time before the firſt or after the laſt 


us Wl Obſervation. 

* 5 0 PROPOSTIION XXVII. 

ar O determine the Point that is fitteſt to be taken, 
bs the firſt, ſecond and third time for the Comet's 


di. Park (or the Mark of its Place) on the Plane of the 
10 Ediptie. | Fig. 27. ] | 

ra. The Conſtruction of the foregoing Problem 
ple iN univerſal : But in practice we muſt not take 
„E ay points C. 2C for the Mark of the Comet in 
„che ſecond Obſervation, but we muſt take thoſe 
Points nearly true, if we can by any means 
know whereabout the true ones ſhou'd be. And 


[ O- that 
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that may be done by help of the 12th Prop, by 
four obſervations of a Comet. For a right line 
being drawn, whoſe three parts intercepted be. 
tween four right lines given in poſition, have 
the ſame ratio as three Intervals of Time be. 
tween four obſervations, will not differ very 
much from that part of a Comet's Trajectory 
which is then run through. Therefore its Inter- 
ſection with a right line that repreſents the Lon. 
gitude in the ſecond obſervation, will very fi- 
iy be taken for the mark of a Comet in that ſe. 
cond Obſervation. | 
If you know within a little the quantity of 
the Angle which the mark of the Orbit of a 
Comet contains with a right line joyning tho 
Earth and the Comet in the ſecond Obſervation, 
or its equal (by Prop. 17. B. 1. Conic) namely, 
At, which the Chord A B contains with the 
right line C, which may be done by help of 
the 9th Prop. or more accurately by the Schol, 
of Prop. 13; then the point C to be taken at firſt 
will be determin'd after the ſame manner: 
Draw the right line 4B terminated at each end 
by the right lines JA, 7B given in poſition, and 
cutting the right line C, which is alfo given in 
poſition at 4, in an Angle equal to the given 
Angle; in ſuch manner that it may be to 
2xTT the Chord (that is, nearly to 2 of T 
in a ſubduplicate ratio of Sz to S; and draw 
thro' 5, the right line S DC, whoſe part DC in- 
terjected between the Legs of the Angle A440 
muſt be equal to the right line N, which is an 
univerſal Problem of the Ancients concerning In- 
clinations, and which is done by their Method, 
or by the 7th Section of the 57h Optical Lecture, 
or in the 3d Section of the 6th Geomerrical Lett, 
of Dr. Barrow, The Point C thus 2 15 
(315 chat 
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that very ſame which is conveniently taken the 


* 


f firſt time for the mark of the Comet in the Plane 
of the Ecliptic. Suppoſe that C is the mark of the 
che Comet in the Plane of the Ecliptic, and a 
Parabolic Arc going through 4, B and C is the 
; Wl mark of an Arc of the Trajectory deſcribed 
between the firſt and third Obſervation : There- 
bre ſuppoſing! that the accelerating Gravity 
= WM towards the Sun is the ſame or equal at the 
= Wl diſtance of the Earth from the Sun, and at 
= Wl the diſtance of a Comet from it, (that is, 
in Galilzus's Sy ppoſition of Gravity, which is 
of Wl nearly true,) CD and : N are equal, as being the 
2 Wl ſpaces in falling toward the Sun gone throat the 
hg me time by a Comet and by the Earth; AB the 
n, che Chord of the Parabola will (by Prop. 22.) be 
y, Wi4/2x77 the Chord of the Circle, whoſe Cen- 
he er agrees with the Focus of a Parabola, in a ſub- 
of aplicate Ratio of the right line S: to the right 
0). ne 5 D; But AB is drawn to /2xT7 in a/ſub- 
irt aplicate Ratio of Sr to Sp, and alſo AB cuts 
er: ¶ the right line zC in a due Angle, and therefore 
end eb is equal tot N: therefore the right line 4B 
and bas nearly all the requir'd Conditions to become 
1 in N de Chord of the Arc, which is the Mark of the 
ven WW Comet's Trajectory intercepted between the firſt 
; to Longitude TA and the third 7B; and therefore 
Li) te point C has all the Conditions requir'd to 
raw be nearly the Mark of the Comet at the ſecond 
in- Oblervation. Therefore the point C is rightly 
| + C Weaken for the Mark of the Comet (tho' it muſt af- 
s an ¶ terwards be corrected) at the ſecond Obſervation. 
In- The Point C therefore, which is to be taken 
hod, the firſt time, being determin'd, the Points 
Ture, (Which are afterwards taken (namely, 2C and 
Left *B3C|Fig.28.] ) are not to be taken without con- 
n * ſideration or allowances ; neither does the Cau- 
t N 


tion 
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tion given in the foregoing Propoſition, name. ||| © 
ly, that the point 2C be taken nearer the point 

when the Line Z is leſs than A B, and ſo on the 
contrary, ſuffice; but when we have proceeded 
fo far that AB rightly drawn be equal to the 
Longitude Z agreeable to it; in : C take the 
Point 2 C in ſuch manner that the diſtance 20 
may be to the diftance #C in a Ratio eompound: 
ed of the Ratio of Z to AB, and a ſubdupli. 
cate Ratio of SC to S2C. The cauſe why the 


firſt compounding Ratio is made uſe of, is ma. fo 
nifeſt from what is ſaid before: For ſince 43, the 
is to be found ſo as to be equal to Z agreeable Cc 
to it, if it be greater or leſs it muſt be dimj: lin 
niſh'd or encreas'd till they become equal; noy the 
they. wou'd be equal by the firſt compounding ler 
Ratio alone, if Z was conſtant and invariable ; hap 
but as the Longitude Z is always different as Fol 
AB is different, therefore the ſecond com- Wh 
pounding Ratio is neceſſary. Naw it is plain . 4 


' (from Prop. 23.) that in Parabolas the Chords 
of the Arcs A B, 2.4, 2C, 2B (in which co, ne 


2C, 2D tending to the Focus and intercepted Pa 
between the Vertex and the Chord, are equal) W 
are in a ſubduplicate Ratio of the right lines 10 


SC, S2C; and it has been ſhewn above that the 
right lines CD, 2C, 2Dare nearly equal (namely 17⁰ 
being the Spaces which a Comet falling towards 0 
the Sun wou d deſcribe at different diſtances from oo 
it in the ſame time, ) and alſo that the Mark of 
the Comet in the ſecond Obſervation is near to 
the Vertex of the Arc 4 CB, that is, of a part 
of the Mark of the Trajectory of a Comet de- 
{crib'd between the firſt and third Obſervation, 

But alſo the Point 2C found after that manner is 
not ſaid to be the accurate Mark of the Comet 


in the Plane of the Ecliptic, but it is nearly 
tracy 


TY 
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true, and but very little remov'd from a Point 
truly accurate. ** | 


% 
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After the ſame manner may be determin'd 
' the Point3C from2C, as 2 C was determin'd 
Ml from C if we find three Points, as was done 
nn che foregoing Propoſition ; but if we work 
"Wl this way, it will hardly be needful to make 
le of a ſecond operation: and & right line 
ning the two Points Fand 2 F, determin'd 
from the two aſſum'd points C and 2C by the 
foregoing, will cut 7 B in the point O (to which 
they are very near) the accurate Mark of the 
Comet in the third Obſervation, and the right 
line P 2 P will likewiſe cut TA in the point x, 
the Mark of the ſame Comet at the firſt Ob- 


2 — 


* 
5 —_— 


oY 
42 
bY 


N 
1 
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" Wh ervacion, as we have ſhewn before, that it muſt 
> Wi happen when C and 2C are near to the true 
f 4 Point. Therefore we have determin'd the Point 


which (in the operation of the foregoing Prop.) 
"Wk moſt conveniently taken for the Mark of the 
"4 Comet in the plane of the Ecliptic the firſt, ſe- 
uch i dad ad third time. | 
* In nearly determining the points C and 2 C, 
* after the aforeſaid manner, in Graphical Ope- 
val) tions we muſt often proceed by Tryals, where 
more accurate or a Geometrical method is 
wanting ; neither is it needful here to make uſe 
0 of Curves very difficult to be drawn, which the 
x mn conſtruction ou d require. | 


k off PROPOSITION XXVIII. / 

ar to 10 determine the the poſition of the line of Nodes 
part of the Trajectory of a Comet, and the Time 
t deaf hen a Comet is in the Nodes. | fig. 29.] : 
tion. Things remaining the ſame, and being deno- 
ner iz ted by the ſame Letters as in the foregoing Pro- 
omet{ Potions, the right lines OA, „E muſt be pro- 
early duc d till they meet in : Draw S O, SX, $8. 
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All the Points were before given, namely 5, 0 
and X, and therefore as well the ſides as the 
angles of the Triangle SOX ; and therefore the 


Angle SX , which is an Angle next on the 


the other ſide of one of them on the ſame line. 
Moreover, if'thro' E you draw & o parallel to 
XO meeting with the right line O © at o, the 
Triangles „o and Z X & will be equiangular : 
and therefore from the known ſides o F (equal 
OX) and o (the difference of the known 
right lines „O and ? X) together with the right 
angle oo E, the remaining Sides and Angle will 
be known, and alſo the angles of the Triangle 
FX: But in this Triangle, one fide X is 
given, therefore the other Sides will alſo be 
given ; namely, Xx and EQ. Then in the 
Triangle & XS you have the Sides X S, Xa, 
with the Angle between them SX; therefore 
you will alſo know the Angle XSQ. But as was 
{aid before, the poſition of the right line $YX is 
given, or the Angle which it makes with TX, 
whoſe poſition is known by Obſervation, (for in 
the Triangle X T'S, the Sides TS and Tx, are gi- 
ven and alſo the Angle XT'S, which is the di- 
ſtance between the known Place of the Sun 
and the Place of the Comet obſerv'd the firſt 
time, whence Ts is known) and therefore the 
poſition of the Right line & 8 U will be known, 
or the Places of the Nodes ſeen from the Sun. 
If the Right line Oo, XE are equal, the Line of 
the Nodes is parallel to OX, and therefore 
known in poſition. 125 

Io determine the time that a Comet is in the 
Node, let o# [ Fig. 30.] be the Trajectory of a 
Comet deſcrib'd by Prop. 26. thro the Points 
„ and 5 in whoſe Plane are found the right lines 

9 


So, S &, and let the before found Line of u 
85 
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as & meet with the Trajectory in & and Ws 
and (by Prop. 14. B. 1.) the Interval of the Time 
between the firſt Obſervation and the mottient 
that the Comet comes to the Node G will be to 
the Interval of Time between the firſt and third 
Obſervation as the Area ? & S toithe Area ES: 
but the ratio of the Areas E 8 S and 9 S ig 
known; ( for the Areas themſelves are known 
by the 24h Prop. of Archimedes of the Quadrature 
of the Parabola) therefore alſo the Time at which 
a Comet is in the Node s. After the ſame 
manner will be known the Time that 4 Comet 
domes to the other Node . ©, E. F. 4 
PROPOSITIOR XXIX. 
O determine the Inclination of the Plaue of thi 
1 Trajectorꝝ of a Comet to the Plane of the Eclips 
BLESS. a on rol en, 
Things remaining as before, from the poitit 
to 8 V the Line of Nodes, draw the per- 
tendicular O &, and join V. In the Triangle 
ds & beſides the right Angle at &© you. have 
(by the foregoing Prop.) the Angle OS &, and 
the fide OS; therefore O & is known. Theti 
in the ceangular Triangle « O V the fides a. 
bout the right Angle, namely, O and O & ars 
known, and therefore the Angle O V will bs 
known, which (by Def. 6. EI. 12.) is the Ineli- 
tation of the Plane of the Trajectory, to the 
Plane of the Ecliptis 
| PRO POSITION XXX. 
To determine the principal Latus rectutti of 4 
| Comet . Trajeforyy the Comet's Peribeliumy 
aud the Time that a Comet is in the Peribeliuma 


(Fig. 32.] 


With the Focus 8, thro! the Points « and , 
Fi ths Foes 5, te he Pls 2 gf, 


+4 
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deſeribe the TrajeRory of a Comet by Prop. 24. : 
with $ for your Center, thro' either of the ſaid 
Points (as for Ex.) draw a Circle meeting again 
wich the Trajectory at /; draw e, to which Nl + 
from $ draw the perpendicular Se, which pro- 
duce till it meets with the Parabola ar v; 4 will 
be the Perihelium of the Trajectory, and there- 
I fore the Quadruple of 8 * is the principal La- 
T 
The firſt is plain; for ſince the Focus 8 is 
found in the Axis of the Parabola, a Circle de- 
{crib'd about the Center S will cut the Para bo a 
(if it cuts it at all) in two points equally diſtant v 
from the Axis, and therefore the right line , Ml is 
joining the interſections, will be perpendicuar WM 4 
i to the Axis, and 7 the Vertex of the Parabola, 
| or the Perihelium of the Trajectory, and the 
* Quadruple of S, the Parameter of the Dia- 
meter whoſe Vertex is 7 (that is, of the Axis a 
itſelf,) or the principal Latus rectum. | 
Take a Time whoſe Interval from the firſt T 
Obfervation when the Comet was in E, is to the th 
Interval of the Time between the firſt and WM dt 
third Obſervation as the Area E S ro the Area WW th 
„Es; and that will be the Time that the Co- fa 
met 35 in the Perihelium. n 
We leave the variety of Cauſes, namely, th 
when the Time that the Comet is in the Perihe- th 
Hum is before the firſt Obſervation, and when it le 
is after it, to the Judgment of the Aſtronomer, iſ ti 


as alſo innumerable other things relating to this} Ut 
Problem, about defining a Comet's Trajectory | Fr 
and che parts of it. a 
OT e e eee 

Hence alſo will a Comet's Perigæum and the 1 


Time of it be determined: For ſince the Time 
Et + © | 5 13 | 


— 
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| || 45given (namely that between the firſt and third 


p Obſervation) that the given Area Fs is de- 
n  fcrib'd by a radius drawn from the Comet to the 
h 
= 


Sun, you will alſo have the Area deſcribed in | 
one Day; and ſince E is given, which is the 1 
ll Place of a Comet in the firſt Obſervation, the 
e- Places of a Comet for each Day will be given 
in its proper Trajectory. But the Place of the 
MW Earth in its Orbit is given for every Day, and 
ic W (from what has been ſaid before) the Situation 
e. of the Earth's Orbit and a Comet's Trajectory 
a in reſpect to each other; whence the Place 
nt where the Comet is neareſt to the Earth, that 
„, the Comet Perigæum will eaſily be known, 
ar and alſo the Time when it happens. 


be ProPosITION * 
Js T O correct the Trajectory of a Comet which was 
vis found by Prop. 26. | 


Let the poſition of the Plane of a Comet's 
rt WW Trajectory, determin'd by Prop. 26. be aſſum'd, 
he chen chooſe three Places of che Comet nicel; 
nd WF dbſerv'd, different from thoſe three by whic 
rea the Trajectory was firſt determin'd, and very 
o- for diſtant from one another: it will be conve- 
| nient for one of them to not be far diſtant from 
ely, the Comet's Perihelium. Let the Time between 
he- Wl the firſt and third of thoſe Obſervations be cal- 
n it led S: Take a number C which may be to 1 as 
ner, the Time between the firſt and ſecond Obſerva- 
this tion, to the Time between the ſecond and third: 
tory From theſe apparent Places, by a trigonometri- 
cal Calculation, after the method us'd before, 
find three Places of the Comet in the foreſaid 
lane of the Trajectory, taken as very accurate; 
1 theſ chat is, find three Points of the before defin'd 
Time Plane, in which the Comet has the fame Lon- 
vl ä gitude 


gitude and Latitude, as it is really found to 
_ ; and (by Prop. 29. B. 3. or perhaps by 
Prop. 24. B. 5.) determine by Calculation what 
Conic Section goes thro' thoſe three points, 
Whoſe Focus coincides wich the Sun, and whoſe 
Areas terminated by right lines drawn to the 
Sun and portions of the Curve are determin'd, 
and therefore their ratio will be alſo determin'd; 
As for Example, let its Area between the firſt 
and ſecond Obſervation, be to its Area between 
the ſecond and third Obſervation as G to 1; and 
that ſame will be the ratio between the Times 
in which theſe Areas wou'd be deſcrib'd by x 
Comet, from which a radius is drawn to the Sun, 
Moreover, from the known magnitude of this 
Track of the Comet, and the magnitude of all irs 
parts, in reſpect of the Track of the Earth and is 
parts, may (by Prop. 41. B. 1.) be known the Ve- 
ocity with which a Comet deſcribes it; therefore 
the Time that a Comet wou'd deſcribe the two 
above found Areas; let it be call'd T. Let T=5, 
and G C, the poſition of the Plane of the 
Trajectory hitherto found, will be true and ac- 
cCurate, and want no correction; but if it ſhou'd, 
then 7—5 will be the Error in the whole Time 
between the firſt and third Obſervation, ariſing 
from the leſs accurate poſition of the Plane of the 
Trajectory, and G=C will alſo be the Error a- 
riſing from it in the ratio of the Time between 
the fecond and third Obſervation; which ap- 
pears to be ſo, becauſe in each caſe Unity is 
taken for the Conſequent of two Terms, which 
expreſs the ratio between the two Times. 
Let the Longitude of either Node of the 
Trajectory (found by Prop. 28.) call'd K, be en- 
creas d by 20 or 30 Minutes, which Minutes 
call P, keeping the foremention'd Inclination 
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of the Plane of the Trajectory 'to the Plane of 
the Ecliptic ; and after the manner before made 
pſe of, find in this new Place three Points, 
which may accurately anſwer to the three fore- 
faid moſt accurate Obſervations of the Comer, 
and the Trajectory going thro' them, whoſe Fo- 
eus muſt coincide with the Sun's Center, and 
kt its two Areas between the three Obſervations 
deſcrib'd by a right line drawn to the Sun, 
whoſe ratio is expreſs d by that of g to L, and 
allo the whole Times which the Comet will 
take up in deſcribing each of thoſe Areas, be 
expreſs'd by r. If the Time : be found to be 
equal to S and g equal to C, this aſſum' d poſiti- 
on of the Plane will be the true one; if not, 
t- 5 will be the Error in the whole Time be- 
tween the firſt and third Obſervation, and g—C 
the Error in the ratio of the Time between 
the firſt and ſecond Obſervation, to the Time 
between the ſecond and third, each ariſing 
from the leſs accurate poſition of the Plane 
of the Trajectory to the Plane of the Ecliptic. 
Let the found Inclination of the Plane of the 
Trajectory to the Plane of the Ecliptic call'd 7, 
be (by Prop. 29.) encreas'd 20 or 3o Minutes, 
which muſt be call'd A, the Longitude of the 
Node firſt found by Prop. 28. remaining the ſame; 
and, as was done before, find in this new Plane, 
three Points anſwerable to the three foreſaid 
Obſervations of the Comet, and alſo the Tra- 
jectory going thro' them, whoſe Focus is the 
ſame as the Sun's Center, and its two Areas be- 
tween the three Places obſerv'd, deſcrib'd by a 
right line drawn to the Sun, whoſe ratio is the 
ſame as that of »  .1: Find alſo the whole 
Time 7 „ which the Comet wou'd take up in 
Xxx 3 de- 
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deſcribing each Area at the ſame Time, by a 
right line drawn to the Sun. If 2 be found to 
þe equal to S, and % alſo equal to C, this af. 
um'd poſicion of the Plane of the Trajectory 
will be the true one, and as it ſhou'd be; if 
not, 7—S will be the Error in the whole Time, 
between the firſt and third Obſervation, and 
likewiſe the Error in the ratio of che Time 
e the firſt and ſecond Obſervation, to 
the Time between the ſecond and third Obſer- 
pyation. e F 
Let the Operation therefore be perform'd b 
the Rule of Falſe Poſition, the Scheme of whoſe 
Operation is here annex d, where & is one po- 
ſition of the Longitude of the Node, and 
-s the Error ariſing from thence in the 
whole Time between the firſt and third Obſerva. 
tion; K+? the other poſition of the Longitude 
of the Node,..and-+— the Error of the ſaid 
whole Time ariſing from thence. According to 
the ſaid Rule, as the difference of Errors to the 
difference of Poſitions, ſo let either of the Er- 
rors be to a fourth Quantity ; and this will be 
the correction of the Poſition, from which 
flow'd the aſſum'd Error. „ 
"IF; . +P + {+ 


s GCC 


| 0 ON IO ON eG—C::P = XP 
i; After that manner the Error of the poſited 
Longitude of the Node that is, of & itſelf, in 
the whole Time between the firſt and third ob- 


12 | | 
N o . TS CN 
ſervation, is — xP; and the Error P of the 


82 ſame 


* 7 . * * 9 
1 4 


wy nd 


— 81 


fame m X 8 the ratio between = 
two Times between the three Obſervations is 


err; therefore the true and correcte d 

argue of the Node is K + = _ xP, or 
1 — 

. xb. 3 ; $2. NR — 


LIibeuite che Error of the poſi ted lacknation 
of the Plane of the Trajectory to the Plane of 
the Eeliptic, iz.. 1, from the TY . is 


5 
— x9; and from the ſecond itis —=x — n 


aud therefore r che true and corrected Inclinati- 
on of the Plane of che Trajectory to the 


WE of che Ecliptic is I e or 
145 EIS 2 And the corrected Longitude of 


Gy © 
the Node, and Inclination of the Plane of the 
Trajectory to the Plane of the Ecliptic, will be- 
come the ſame, if in the operation we make 
pl; of the Errors ariſing from the ſecond Potion. 


„ 


I" 
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And den > both the Errors come under con- 
ideration, as well that in the whole Time, as 
that in the ratio between tlie two Times be- 
tween 2 three Obſervations, let us ſuppoſe as 


yell — 8 P, as —— — * P, to oy ſeparately 


n 


xxx 4 "equal 


— K © * + - N r — * 
* . my” Sa. 4 6h . * e . y 7 _ up Rs | 7 
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7 * n . 
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r Likewiſe let us ſuppoſe as well —= x2 
2721 1000 ls, 6 Fre © 
2 
6 — 
ane r 
Ee, Whbencb T= nt vill 2-8. 
and G. g will = G -c; and alſo a7 
the double of 7—$ = m T—mr TAT 
and the double of -C = m'G — mg + »6 
D; and therefore going back, if » and » 
be taken in ſuch manner that the double of 
Is may be T- nt T n7'—27, and 
the double of -C- + nG—1y 
then as well —— „ P, as 2 be 
ee ee e 


C1 * 
0 * 


x2=nx2; that is, = , and 


— 


60 e * 7 2 in AS a f 
GL 2 will be = „ * therefore the Er- 
TE 6, e 1 We 


ror of the Longitude of the Node will be 
mn xP, and the Error of the Inclination of the 
Plane of the Trajectory will be » x A: Whence 
the corrected Longitude of the Node will be 
X NP, and the corrected Inclination of the 
Plane of the Trajectory to the Plane of the E- 
r 

The Plane of the Trajectory being corrected 
as well in reſpect to its Interfection with the 


Plane of the Ecliptic (that is, the Longitude of 


either Node) as its Inclination with the Plane 


of the Ecliptig ; find (as before) in the Plane 
b * 1 lip 2 1 d (as * i ke thus 


k * 
| 3 


—— 2 wo 1 ww 


= 2 * * 
« «XY at 5 . 
- A 2 Hs r * 
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thus correted and now moſt accurately poſited, 
three Points, which, may agree with the three 
aforeſaid moſt accurate Obſervations, and 'ag 
before) raking the Sun's Center for your Focus, 
thro'the three ſaid Points draw a Conic Section: 
And this being corrected will be the Comet's 


N 115 


rquir'd Trajectory. is 
| S$CHOLIUM. 


Having found the correct and accurate Tra- 
jectory, its Axis, Latus rectum agreeable to the 
Axis, the Time in which the Comet is in the 
Penhehum, the other things belonging to it, 
will alfo be accurately defin'd, according to the 
Rules foregoing: If it happens that an Ellipſis 
deſerib'd about the Sun's Center as its Focus 
(and not a Parabola) goes thro' thoſe, three 
Points : that is, if that part of the Comet's 
Itajectory, which comes under our Obſervati- 
in, does evidently ſhew that the Comet returns 
tan Orbit, and does not run out in infinitum, 
then from knowing the greater Axis of this Or- 
be yon will know the Comet's Periodical Time, 
for ( by Prop. 40.and 42. B. 1.) the Square of the 
Periodical Time of a Comet is to the Square 
of the Periodical Time of the Earth about the 
dun, as the Cube of the greater Axis of the Or- 
bit of the Comet to the. Cube of the greater 
Axis of the Orbit which the Earth deſcribes a- 
bout the Sun, or to the double of the mean di- 
ſtance of the Earth from the Sun. 

| If from the known principal Latus rectum, as 
for Example of the three Trajectories deſcrib'd 
in the three aſſum'd Planes before the full cor- 
tection, wiz. R the firſt, r the ſecond, and p the 
third, you wou'd find the principal Latus rectum 
of this laſt Trajectory deſcrib'd in the Plane ac- 
{a 2 4 „ 
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curately poſited ; it may be found by the Rule of 
Falſe according to the Method of the things 3. 
bove ; and it will be equal to R + mr - R 
+7 —»R. For in the true and accurate Lon. 
gitude of either of the Nodes you add to its 
Longitude in the firſt Plane determin d by 
Prop. 28.) the exceſs of the afſum'd Tengiuce 
in the ſecond Plane above the other Longitude 


4 mulciplied into n; and in the accurate Inclina. 
tion of the Plane of the Trajectory you add to 


the Inclination of the firſt Plane determin d 
by Prop. 29.) the exceſs of the aſſum'd Inclina. 
tion in the third Plane above the foregoing In- 
Clination multiplied into a. And fince the Tra. 
jectory and its Latus rectum are chang'd, as well 
upon account of the chang'd Longitude of the 
Node, as of the chang'd Inclination of the 
Plane to the Plane of the Ecliptic; to the Lan 


rectum of the Trajectory in the firſt Plane, or to 


R muſt be added mr — R, that is, the excels 
of the Latus rectum in the ſecond Plane above the 
Latus rectum in the firſt Plane multiplied into u; 
and alſo yoo muſt ſuperadd » p—»»R, namely, 
the exceſs of the Latus rectum in the third Plane 
above the Latus rectum in the firſt drawn into y. 
And after that manner you will have the true 
Latus rectum, viz. R + mr —mR + -R. 
Much after the ſame manner will be corrected 
8 Latus tranſverſum, if it be deſin d in magni- 
. 


5 


Srery 


*** 9 . 
— 7 ” *. 2 X 
a © — 
l 
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Square of the right line B; and to define 


— 


8 


— 
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of the Way of finding a Comet 8 Renee 
* tric or Geocentric Place in its Trajectory 
before determin d for a given Time ; and 
of the Tables neceſſary for readily de. 
fining the Comet 8. Motloity, Eos | 


Prorosixiox XXXII. 3 45 


Rom the Focus 8 of the given Para bola v p, 
whoſe--Vertex is V and Axis VE, to draw the 
Right line S A in ſuch manner that the Parabolic A- 
RAS: tomprehended under the right lines VS, 
SA and the Parabolic Curve'V R A may be equal to 
given rectilineal Figure, as for Exam mple, to the 
comput a= 

tim the length and Relei fo the Axis VE of the 

hr line 5 A ſo drawn.” ¶ Fig. 33 

Suppoſe it done, and thro ; the right 
ine /F perpendicular to VF, and let the point 
be in it, thro' which C4 being drawn parallel 
w VE meets with the Parabola in the Point 4, 
ſuch as S A being drawn may give a Solution to 
the Problem. Thro' A draw A D perpendicular 
to VE, meeting with the Axis at D. Let TS 
the diſtance of the Focus from the Vertex be 
call'd F; and (as is commonly known) the prin- 
Cipal Latus rectum of the Parabola will be 47 
Let the unknown VC be call'd x; and AD will 
be alſo = x, Er (from El. Conic.) VD or 


ts equal C A will be = 77 Whence the — 
lar * VC 4 Di is equal tc to RL and the 


Parabclic 


os The K LEMENTE Bock v. 
Parabolic Space TRA D (which, from Arehi. 
medes s Dimenſion of the Parabola is  fubſeſquiake 
ral to the foregoing) will be = 6 7 5 
of = 2 ; Moreover, ſince 2 is = * andys 
=}, $D will be 3 2 if 5 be derween 


and D, as in the 1c Fig. 23; or if D be be 
tween / and 8, as in the 24 Fig. 33, SD 


will be =f— 2 . that is, in che firſt caſe, 


_—_ 


SD = SY An in the ſecond SD = . 
4 af 


Whence the Rectangle under AD and DS vil 
3— d 2 » 

be = = er 44 = ; and therefore 
half of! it, namely, 15 Triangle A 8 D will be 
— x 4 ffxmm 

v7 7 ng or Beg - And therefore the ſpace 
1 RAS (for it is in the firſt caſe equal to /RAD 
the Triangle 4 S D being taken from it, in the 
| ſecond equal to /R A B, encreas'd by 4 BD) 


will be 5 ns = in the firſt caſe, and 


il + 4 f *x=—ox3 


— in the ſecond ; j NY therefore 
ad "oF x3 127 — 
in every caſe VR AS is equal to — IP, 


| And this muſt be equal to h, therefore 24 f b 
= x3 + 12 f?x. And having plac'd the Æqua- 
tion as is uſual, x3 = —12f*x + 24705, 


Therefore, by the Cardar's Rule the Value of 


* or AD, expreſs d in known Quantities, will 


= 
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be / C: 12fb* +4 144f* b4 + 64f*— 
YC: 12 for*—y/ 144f*b4++ 64 f ©. But when 4D 
known, D will alſo be known; for it is 
equal to the Square of AD apply d to the qua- 
iruple of the known VS. Therefore (by the 34 
Datum) you haye the compound of DV and V'S, 
to which the Right line $4 is equal, by Corol. 2. 
Prop. 14, and therefore this SA will be alſo gi- 
ren in magnitude; but DA is alſo given, there- 
fore (by Dat. 1.) the Ratio between SA and 
AD, that is, between the Radius and the Right 
fine of the Angle ASD, which S4 contains 
with the Axis. Therefore that Angle AS D or 
YA is known : And SA was before known 
in length. 2. E. F. | " 

Converſly alſo in the given Parabola you will 
ind the area V RAS, which will make the righe 
ine $ 4 equal to the given right line; that is, 
jou will find the Ratio of the given area VRAS 
bthe Square of the right line VS, which will 
5 SA to be in a given Ratio to the right 
1 S. wh * | 


SCHOLIUM. 1. (Fig-34) + 

We have before ſhew'd the method of the 
Calculation made uſe of in Aftronomy, for de- 
termining the magnitude and poſition of the 
nght line 4 S. But if you like a Geometrical 
Conſtruction better, ir may thus be eafily had, 
if according to the univerſal method of Geo- 
metricians the before found - Cubic Equation 
* +12f?x——24f b* =o be conſtructed by the 
propos d Parabola RV and a Circle. Let the 
Latus rectum of che Parabola propos d, (which 
is equal to 4f ) be calld L; 12 f*==q, and 
24 fb* =», that the propos d Equation may be 
in this uſual form x1 T4 o. Take ( ac- 

manns: cording 


s TheErtiinty Book . 
carding to the commonly known precepts of 
this conſtruction) YVG=3L in the Axis of the 
Farabola, and G H= (and that backward to- 
wards the Vertex, becauſe it is T 4) that is, in 


. . © N 
our Equation 252 or 3 f, whence it hap. 


A mtGyyYy,s = r., oo vl... © WF 
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ar 
he 2 n i 3 
3 m, if m N (or to the right line found by tl 3 
Prop.) if (by Prop. 45. EIA r.) the propos d redili- u 
neal Figure be apply d to the Latus rectum of the Bl 10! 
Parabola) and towards thoſe parts of the right Ml /- 
line /S, towards which AS is to be drawn. And MW mc 
a Circle deſcrib'd with the Center K thro' , un 
will cut the Parabola RV in the requir'd point ¶ W, 
A, and A D, which is perpendicular to /S, will I to 
be x, or the Root of the foregoing Equation. I fin 
This conſtruction has no need of a demonſtrati: I Ar 
on, becauſe of the common conſtruction of the ©» 
Equation x3 +12f*x—24fb* =o ariſing from w 
the nature of the Problem: But it is eaſie to the 
conſtruct it running over the ſteps of the fore · ¶ pre 
going Analy is. 


After the ſame manner may be defin'd the S 
magnitude and poſition of the right line 4 the 
drawn from the Focus &, ſuch as the Parabo- I po 
lie ſpace RAS 2, comprehended * len 
1 | that 1 


« 77 Sao 7c le i. 4 NN 
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(ll that Line and another 8 2 given in poſition 
he different from S /, and that part of the Parabo- 

te Curve between them RA, may be equal 
0- If to the given rectilineal Figure BY. For the 
, MW Axis s! being drawn, you muſt draw the right 
line S A in ſuch manner that the Space YR AS 

p- if be equal to the ſum or difference of the 
Spaces BY and VS, as S Q lies toward the 


he Wl fame parts of 8 towards which $ A muſt be 
iſe drawn, or towards contrary parts. 


ll SCHOLIUM 2. LE. 350 
Suppoſing VP and vs any two Parabolas, 
is, Wy whoſe Foci are S and „ and Vertices V and v, 
and ſuppoſing the Areas VAS, v « equal to the 
ſpective Squares of B and g; if B be to VS 
5 to ve, then AS, 4 , VS, vs will be pro- 
n porcional, and the Angles VS 4, vs « equal. 
or, becauſe all Parabolas are ſimilar Figures, 
til. und the Foci and Vertices are Points ſimilarly 
the Wl joſiced in them; and beſides, as the Figures 
eh: 74'S, vs are in a duplicate Ratio of the ho- 
And mologous ſides /S, vg (for their equals B 4 
ud £* are in a duplicate Ratio of B to g, that 
s, by ſuppoſition, in a duplicate Ratio of /S 
0 z) it is alſo plain that theſe Lines are 
ſimilar ' to one another, and therefore the 
Angles /S A, us à equal, and that AS is to 
«nas VS to . And therefore from hence, 
when you have laid down S the diſtance of 
the Vertex of the Parabola from its Focus, ex- 
preſs d in any round number, you will find the 
Angle VS A and the length of the right line 
$4, according to the different ratio between 
the rectilineal Figure Bd to which VS A is ſup- 
pos d equal, and the Square of YS. And the 
lengths of the right lines 4 S and of the Angles 
. * VS 4A 


el, ee. ————ů —K— 
— — - —_ 
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by Prop. 26. and corrected by Prop, 3 T. in whoſe 


Ä , ⏑ 
— * Lad : * 
: % . - 


and let & & be the line of Nodes known in po- 


Par bola) as the Interval between the given 


found to be Elliptical, draw (by the 34%, 6* 1 


9 5 * jm 
N 3" HOY i 1 3 
SLY 4 1 * 7 * 
A 12 


— 

— 
» - 
bo : 


7$4 diſpos d in Tables, ſerve for any Parabola, þ 
finte (as was before Thewn.) the right line 482 
will in every Parabola ſtill have the "Tame ratio 


* . 


and poſition to /, the fame tatio remaining 
berween and V Ss. N= 
Puros tro XXXIII. 
No find a 22 Comet s Heliocentric Place in 
1 Longitude and Latitude, and its Diſt ance from 
the Sun for a given Time. [Eig. 36. 
Let & be a Comet's Trajectory, deſcribd 


. 


9 
.. 
el 


Focus $ let the Sun be plac'd ; and let „ beq 
Point in it in which the Comet is at any one 
of the Obſervations by which the TrajeQory 
was determin d. Let X be the Axis of thi 
Trajectory, whoſe poſition is known by Prop, zot 
Thro' the ſame Prop. will alfo be known the 
Time that the Comet is in the Perihelium /; 


ſition by Prop. 28. If „VR tlie corrected Tr 
jectory of the Comet, be found to be Parabo- 
lical, take ſuch a Space as may be to the Space 
VS known from Archimedes's Duadrature of the 


Time and the beforefound Moment that the 
Comet is in the Perihelium, to the interval 
between the ſaid moment and the obſervation 
of the Comet in „; call ſuch a Space B.. By 
the foregoing Prop. Let the Parabolis Space 
VRAS be ſuppos'd equal to. B*, and find-as 
well the poſition as the length of the right line 
SA in reſpe& of SV, whoſe poſition in lengtliy 
in reſpe& of the Diſtance of the Earth's Aphe-· 
tium from the Sun, is known from what has 
been ſaid before. But if a Comet's Trajectory be 


V. of AsTRON OMV. Bor 
br Af of B. 3. as was done in the Planet's 
S Wl Orbits) the right line 8 4 in ſuch manner that 
10 che Area RAS may be to the whole Area bf the 
ag Comet's Orbit, as the Interval between the gi- 

ten Time and the moment that the Comet is 
n the Perthelium, to the whole Periodical Time 
of the Comet, known from knowing its greater 
inis; and you will have the right line $A as 
on WM vell in poſition as length. In eittter caſe, from 4 
6 the line of Nodes & U, draw the the per- 
wndicular A N meeting with V & at N; from 
the fame A to the plane of the- Ecliptic let fall 
ea perpendicular meeting with it at «; join N, 
ne e; and the Angle 4 N will be the Intlina- 
or Neon of the plane of the Trajectory to the plane 
ths er che Ecliptic, and therefore known by Prop. 
zei Becauſe the Angles VSA and /S N are 
the own, che Angle NS A, which is their ſunt 
V3 Wn difference, will alſo be known: Therefore 
po the Triangle SN 4 rectangular at N, ha- 
mg (by the foregoing) the fide 8 A expreſs d 
bo- ¶ u parts of the Mean Diftance of the Earth from 
Pace Witte Sun and che Angle N S 4, you will have the 
Feines SN and NA. In the Triangle NA A rectan- 
mlar at «, knowing the fide NA and the angle 
Na (which is the Inclination of the Comet's 
Traje&tory to the Plane of the Ecliptic found 
by Prop. 29. and corrected by Prop. 5 ) you 
will know the other two ſides NA and Aa. A- 
pain, in the Triangle S Na (in the Plane of the 
Ediptic;) beſides che Right Angle at N, you 
ave the ſides S N and N; therefore you will 


ngtli Ware the ſide S a and the angle NS a; But (by Prop, 
phe- Po.) th poſition of the right line SN is given; 
has Wherefore alſo the poſition of the right line S 
been be given; that is, the Heliocentric place of 

en gr Comet reduc d to the Ecliptic, or the Comet's 
7 SYy Helio- 
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Heliocentrical Longitude. Laſtly, in the Tri- 
angle S 4 A rectangular at « you have all the 
ſides, as being found before; therefore you will 
alſo know 4 $S « the Comet's Heliocentric Lati. 
tude, if there is any reaſon of reducing the place 
of the Phznomenon ſeen from the Sun to the 
plane of the Ecliptic, rather than any other 
Plane. | | 

And on the other hand this ſhews you how to 
find the Time that a Comet will be in a given 
Place of its Trajectory. 


P KoPOS ITION XXXIV. 


O find the Heliocentric Place, as to Longitult 
and Latitude, and the diſtance from the Earth, 

of à propos d Comet for a given Time. | Fig. 37.] 
The ſame things being laid down as in the 
foregoing Prop. beſides them let BT be the Mag- 
nus Orbis, and in it let T be the place of the Earth 
for the Time given, found by Prop. 18. B. 3. draw 
TA, Ta: and (by Prop. 18. El. 11.) let the plane 
of the Triangle TA « be perpendicular to the 
plane of the Ecliptic. In the Triangle T5 (ine 
the plane of the Ecliptic) you have the ſides $ 06 
ST, the firſt of them found by the foregoing 
Prop. and the laſt from the Theory of the Earth 
(each expreſs d in parts of the Mean Diſtance of 
the Earth from the Sun) and the Angle TS. 
comprehended by them, (for each of them i 
given in Poſition;) therefore you will alſo have 
the ſide Ta and the Angle ST#: But TS is gi 
ven in poſition, namely, the place of the Sun fo 
a given Time; therefore the poſition of the rig ine 
line Ta is given, that is the place of the Comer. 
in A ſeen from the Earth, reduc'd to the Eclip 
tic, or the requird Geocentrical Longitude ol 
the Comet. Moreover, in the Triangle A « 


Ms - 
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beſides the right angle 4 « 7 you have the two 
ſdes A #, Ta, this laſt lately found in the parts 
of the Mean Diſtance of the Earth from the Sun, 
ind the firſt of them found by the foregoing 
p. in the ſame parts; therefore the angle A T « 
he requir'd Latitude of the Comet ſeen from the 
facth or its Geocentrical Latitude is known; as 
ſo the Hypothenuſe TA the Comet's diſtance 
dom the Earth. 9. E. F. 1118 
Thus may be known when the motion of the 
Comet will be retrograde, in reſpect of its 
notion before, becauſe the Earth, together with 
1, Wi Eye, has mov'd in the mean time, as it hap- 
. e in reſpect of the Planets, when at the ſame 
| ie the Comet ſeen from the Sun appears al- 
bes to go on the ſame way. And converſſy 
at Phænomenon of the Retrogreſſion of a Co- 
rr I: obſerv'd from the Earth, ſhews that Comets 
ay WIT dot very far diſtant from the Earth, but that 
len they are ſeen by us they come down into 


"mn kRegion of the Planets. Moreover, as the 
(u e and the Comet are carried about the Sun 
Se fferent Planes, the Comet ſeen by the Eye 
ing reterr'd to the Fix d Stars, will, from the 
:arch {5 of Optics, appear not to deſcribe a great 
ce oll ile among them, but to deviate differently 


dm it; when at the ſame time, if it was ſeen 
bom the Sun which is plac'd in the Plane of the 
ajQory, it wou'd accurately deſcribe a great 
ile among the Fix d Stars. This deviation 
om a great Circle (which alſo agrees with the 
z right anets, as well as the Retrogradation mention 

- omalFivre) put it out of all doubt, that the Comets 


Eclip in the Region of the Planets. 

ude ol * | 

> Au 3 4 
beſits  Yyy 2 PgoP, 
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PROPOSITION XXXV. 


TT O deſcribe Tables neceſſary for readily and exafily 
finding the Places of Comets. 
The Trajectory of any Comet being defin'q, 


„ ‚ «z 


if it be found to be Elliptical, (ſuch as we ſup- 
poſe it will be found, as being the only one of MI, 
the Conic Sections which agrees with the Phe. Ml x 
nomena of Comets, if they are Bodies coeya] 
with che World, revolving in an Orbit like th; Bl 1; 
Planets) Tables, for readily finding any Comets Wl 5 
place for a Time given, will be of the ſame kind | 
(and conſtructed after the fame manner) as che Wil 
Tables for the Primary Planets, and their uſe the 
ſame, concerning which we have Iipoken in the n 
zoth and 40th Propoſitions of the 34 Book, 4 
If the Orbits of all thoſe Comets, of which or 
we have Obſervations accurate enough, ary: 
pretty nearly determin'd, their Periods are alſo & 
known (as is ſhewn in the Scholium of Prep. 3. m« 
and the Times that they will again be ſeen, an ; 
they may be corrected from Obſervations whidi d 
will be made then; and at length all Come ter 
will be reduc'd to a Rule, perhaps in a ſhorteſ 10 
time than has been done concerning the Planets thei 
after their number, and their reyolving in Orbit wi 
were known. I hear that it is done in 24 020 
mets, (whoſe Places have been obſerv'd by M de 
ſtronomers) already by Dr. Halley ; and I hav ny 
reaſon to believe, that the number of the Co the; 
mets is not vaſtly great: But it is likely that tH vil 
Periods of ſome of them are ſo great, from th ore, 
immenſe Interval between Saturn and the neaſ conſ 
eſt Fix d Stars, that they arc not yet deſcendeſ (uhi 
into the Regions of the Planets (where only H Mot 
are viſible to us) fince Aſtronomers have Went: 


to look upon them as celeſtial Bodies, and nut 
‚ 5 1 


— 


Book V. of As TRONO MY. 805 
accurately to determine their places; therefore 
the determination of the Orbits in which thoſe 
Comets move muſt be left to Poſterity. But 
ſometimes it will happen that ſome Comet will 
finiſh a whole Period, and yet not be obſerv'd 
6 do ſo by Aſtronomers, upon account of its 
nearneſs to the Sun; which, for the ſame reaſon, 
does alſo ſometimes happen to Mercury itſelf. 

Beſides, the greater Axes of the Comet's Or- 
bits, upon account of the diſturbance ariſing 
from the attraction either of other Comets or of 
jupiter and Saturn, may a little change their 
ſtuation, and ſo the ſame Comet may be mi- 
laben for a different Comet: But after ſeveral 
Revolutions the thing will be plain enough ; 
or ſuch a diſturbance will not produce very 
meat effects, and tho' the Orbit of the Moon is 
mry Day chang d, yet it is reduc'd to an A- 
lonomical Calculation, and conſider'd as if it 
wn always the ſame. 

But tho' the Orbits of the Comets are not yet 
Germin'd, ſome Tables may be conſtructed 
ry uſeful for the more eaſy defining of their 
Motions, and a more ready way of deſcribing 
their Trajectories: as for Example, a Table by 
wich, from the given diftance from the Sun of 
a Comet in its Perihelion expreſs d in parts of 
the Mean Diſtance of the Earth from the Snn, 
My be readily defin'd the Time that a Comer, 
ater its Perihelion, as it recedes from the Sun, 
vill get Out of our ſight. For ſuppoſing the 
greater Semiaxis of the Orbit of the Earth to 


T 


conſiſt of xo0000000 parts, an Arc of 5% + 


* 


(which the Earth goes thro' by its mean divraa! 


V Motion) will (by the dimenſion of a Circle) 

dei contain 1720 212 of thoſe parts, and the twent 

W bourch part of it, or an Arc defcrib'd by che 

| YpyY 3 Earth 
* 


" * - — . 
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- thro' (as being made from multiplying the for- 


that diſtance, to the diſtance of a Comet fro 


of the Perihelium aſcribe an agreeable Time 
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Earth by its mean horary Motion will have 


71675 of thoſe parts: Therefore to the diffe- 
rent diſtances of a Comet from the Sun, when 
in its Perihelium, muſt reſpectively be aſcribd 
Parts, gone thro' by a Comet in its Perihelium 


in the ſpace of a Day or an Hour; for theſe 


parts will be to the former parts as the velocity 
of a Comet in its Perihelium to the mean velo- 


city of the Earth, that is (by Prop. 17.) in a ſub. 


duplicate Ratio of 200000000 the greater Axis 
of the Orbit of the. Earth, to the diſtance of 3 
Comet in its Perihelion from the Sun; or parts 
muſt be aſcrib'd, expreſſing the Area which a 
Comet by a Radius drawn to the Sun ſweeps 


mer in half the diſtance of the Perihelion from 
the Sun.) Moreover, ſince by obſervation 
retty nearly know at, what diſtance from the 
un (in reſpect of the diſtance of the Earth from 
it) a Comet muſt be plac'd, to ceaſe to be ſeen 
with the naked Eye; that is, when the Ratio al 


the Sun in its Perihelion is given, you will al{ 
(by the inverſe of Prop. 33.) have the Area whic 
a Comet with a Radius drawn to the Sun mull 
- deſcribe after it has paſs'd the Perihelion, that 
it may come to that diſtance from the Sun, that 
js, that it may ceaſe to be ſeen; and conſe 
quently the Time after the Perihelium ; as fot 
Example, (by Prop. 1 T. B. 1.) for one Day as thi 
lately found Area, to the before found Area de 
ſcrib d in one Day by a Comet, by a Radiu 
drawn to the Sun. Therefore to every diſtanct 


in which the Comet after it has paſs'd the Per 


helium, as it goes from the Sun, gets out of ou 


ſight, 


Ju 
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Jjuſt in the ſame manner, and from the ſame 
Principles, may be calculaced a Table readily 
ſhewing the Time that a Comet, after it has 

aſs'd che Perihelium, comes to a diſtance from 
the Sun, equal to the diſtance of the Earth from 
the Sun, if the Perihelium of che Comet is leſs 
diſtant from the Sun than the Earth itſelf. And 
this Table will be join'd to the firſt Table, and 
will, as it were, make but one Table ; namely, 
by writing over againſt every Diſtance of the 
Perihelium of a Comet, expreſs'd in parts of the 
= 5midiameter of the Magnus Orbis (beſides the 
ch "FF parts gone thro' by a Comet in its Perihelium, 
cep che ſpace of a Day, and the parts of the Area 
which a Radius ſweeps thro' in the ſame Time, 
of which we ſpoke above,) in one Column, the 
the Time after the Perihelium in which it comes 
o a diſtance from the Sun, equal to the Earth's 
lſtance from it; in the other, the Time that 
comes to a diſtance four times or five times 
greater than the former, namely, that in which 
t ceaſeth to be ſeen by us. 

Thirdly, The Table calculated by the ſecond 
Xholium of Prop. 32. will be very convenient, 
in which putting around number for the diſtance 
of a Comet in the Perihelium from the Sun, 
oer againſt the different bigneſs of the Area 
FAS (in the Fig. to which the ſaid Scholium 
refers) expreſs d in parts of the ſquare of the 
tight line $ /, ſet down the quantity of the An- 
gle SA agreeable to it, and the length of the 
right line '$4 expreſs d in parts of the right line 
SV alſo agreeable to it, For from that and the 
foregoing Table, and the known diſtance of a 
Comet in it Perihelium, from the Sun, you may 
readily know the Longitude of. a Comet from 
the Perihelium when ſeen from the Sun, and the 

4 diſtance 
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diſtance of a Comet from the Sun's center, a- 
reeable to the Time before or after the Perihe, 
um. Por. SF being given expreſs d in parts 
of the mean diſtance of the Earth from the Sun 
(from the firſt Table) you will readily have the 
Area which is deſcrib d (a Radius heing drawn 
to the Sun) by the Comet jn the ſpace of one 
Pay or one Hour: therefore it will be given 
expreſs d in parts of the ſquare of the right line 
VS, and fit for this Third Table; and therefore 
from the given Time before or after the Perihe- 
lium, will be given the Area VA S proportions, 
ble to the ſajd Time in the ſaid Parts ; there- 
fore from this Third Table you will immediate. 
ly have the Angle VSA, which is the Heliocey- 
trical Longitude of the Comet from the Perihe- 
 Jinm, agreeable to the propos d Area, and there- 
fore proportionable to the propos d Time, and 
alſo you will have in parts of & the length of 
the right line 8 4 1 to this, which by 
help of the Rule of Three, may be expreſs'd in 
parts of the Semidiameters of the Magnus Orbis. 
But from what has been ſaid in former Propo- 
ſitions, other Tables alſo may be conſtructed, 
for — eaſy the calculation of the Comet; 
Motions, tor every kind of Computation, which 
we muff leave to the Induſtry of Aſtronomers. 


| SCHOLIUM. 

By the foreſaid Method, or one like it, Dr. 
Halley has determin'd the Orbit of the Comet, 
which appear d about the end of the Year 1680, 
and ſome of the following Months, which he 
aſſum'd as Parabolical, and found (as it appears 
rr his Letters to Sir Jaac Newton) that the 
Perihelium of its Orbit was in 2 27. 22“, 30“; 
and therefore its Aphelium in Iz 279. 22. * 
* 2 F 7 „ 1 - thaj 
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that the principal Latas rectum of its Orbit was 

of o, 0243 parts, of which the mean diſtance of 

ts Ml che Earth from the Sun is x. Beſides, he found 

in dns Orbit ſo plac'd in reſpect to the Plane of the 

6 fl Ecliptic, as to be inclin d to its Plane in an An- 

n ill gle of 619. 20'. 20”, and the aſcending Node 
ne WM in? 19. 53“, and the deſcending one in & 1%, | 
n , and that the Comet mov d fo in this Orbit 

e s co be in its Perihelion in the Year 1680, on 

re Wl the 8th Day of December Old Stile, o Hour 4 Mi- 

e- WT nutes after Noon. He found alſo the Orbit of 
tte Comet of the Year 1683. figured and poſi- 

* ted after the following manner, wiz. its Perihe- 
um in 1 252. 29/. 30“ which it was in on the 
0- Day of 72 , Old Stile, 2 Hour. 50“; the 
6 latw rectum of this Orbit of 2, 2408 parts of 
c- WT which the mean diſtance of the Sun from the 
nd WW Earth is x, the Inclination of this Orbit to the 
of Wl Plane of the Ecliptic 83. 11', aſcending Node 
yy Wl 2 230. 23“, and deſcending Node in & 23%. 23“. 
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x 


Of Comparative Aſtronomy. 


plain'd Aſtronomy as it is agreeable to the 

& inhabitants of the Earth; that is, we have 
deſcrib'd the Pbænomena of the Fix d Stars, of 
the Sun, of the Planets and Comets as they are 
ſeen from the Earth, and we have taught how 
to find the reſpective Places of every one of 
them for a given Time, and other Things of 
that nature, each in its proper place: And now 
we ſhall in a few Words ſhew what kind of A- 
ſtronomy the Inhabitants of the reſt of the Pla- 
| ns hat | nets 


1 the Five foregoing Books, we have ex- 
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nets and other vaſt Bodies which are diſpersd 
over the Univerſe, wou'd eftabliſh. Not that 
we believe, and much leſs affirm, that there are 
any ſuch Aſtronomers any where; but by ſup- 
poſing the Eye to be plac'd ſometimes in on 
and ſometimes in another of the Celeſtial Bo- 
dies, and explaining what fort of Aſtronomy a 
Spectator wou d (eſtabliſh according to his diffe- 
rent Station, we hope to give no ſmall Light 
for the thorough underſtanding of thoſe Things 
which we have ſaid of this our Earth: For we 
wou'd not ſpeak of ſuch empty Appearances, 
and never ſeen or likely to be ſeen in any one, 
unleſs it was for this end. Therefore,as we goon, 
we ſhall not only ſuppoſe theEye in the Planets 
which move about the Sun, and their Satellites, 
where ſeveral famous Men have formerly and do 
now believe that it is probable that there are In- 
habitants endu'd with Senſe, but we ſhall ſup- 
poſe it alſo in ſome one of the Comets, in the 
Sun itſelf, and in the Fix'd Stars, where no body 
has ever ſuppos'd Inhabitants. 

A great many eminent Men have taken pains 
to illuſtrate this, Plutarch ſays many things with 
regard to this, in his Book of the Face in the Orb 
of the Moon. Kepler wrote a Book of Lunar Aſtro- 
nomy, publiſh'd after his Death, under the Title 
of, The Aſtronomical Dream, in which he ſpeaks 
of ſeveral Phyſical and Aſtronomical Matters, 
as he always does every where elſe. But in ex- 
plaining the Phænomena ſeen from the Moon, 
he has made ſome few Errors, becauſe he took 
no notice of the Libration of the Body of the 
Moon, or elſe he did not refer it to its proper 
Cauſes; Therefore I have been forc'd to alter it 
quite, The famous Chriſtian Hugens has lately 
publiſh'd a Thecry of the World, full of * 
A N on- 
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e es, in which he has ſhewn ſeveral A. ful 
ronomical and Phyfical Conſiderations worthy th 
of his Genius. But theſe two ingenious Men 


were in earneſt about the Inhabitants of the Ml ® 
Planets ; eſpecially Hagen, who did not at all * 
[ql 


donbt but that in every one of the Planets were 
Inhabitants like, or at leaſt not very unlike 
- thoſe of the Earth; and to this purpoſe it was 
that he wrote a Book rather of Phyſical than 
of Aſtronomical Conſiderations. But I, who 
have only undertaken to treat of Aſtronomy, 
have ſaid nothing concerning the Things ne- 
ceſſary or convenient for the Animal or Senſi. 
tive Life, which may be found, or are wanting 
in particular Planets : I have only plac'd the 
Eye (which, with the Reader's leave, I ſhall 
ſometimes call a Spectator) as beholding things 
above and round about it, 

Beginning by the Sun, where the Aſtronomy is 
moſt ſimple, I ſhall goon in order to Mercury and 
the other Planets: The moſt remarable Phæno- 
mena belonging to every one ſhall be treated of 
by themſelves ; but thoſe that are common to 
many are referr'd to one and the ſame Propoſi- 
tion. Then transferring the Eye to ſome Co- 
met, I ſhall qbſerve what would be ſeen from 
ſuch a Place; and, by way of Corollary, we 
deſcribe how our Solar Syſtem wou'd appear, 
if ſeen from ſome Fix d Stars. Laſtly ,ſeveral Phz- 
nomena which will appear to a Spectator in the 
Earth's Attendant the Moon, and beſides, I rec- 
kon up ſeveral Phænomena that wou'd appear 
from one of the Satellites of Jupiter and Saturn. 

I mention, by the by, what will be the true 
and what the apparent Aſtronomy, in theſe dit- 
ferent Stations, what Conveniencies they will 
have, and what Inconveniencies they _— 

: : ö 
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ſubject to, who, by Obſervations made from 
theſe Stations, wou'd endeavour to find the true 
eftem of the Circum ſolar Planets, and mea- 
are their Diſtances and Magnitudes. And laſt- 
ly, I ſhew which is the moſt convenient Situa- 
don for Aſtronomy, as well among the Primary 
; among the Secondary Planets. 

The Phænomena that are look'd upon by the 
Inhabitants of the Earth las principal, I alſe e- 
ſery where hold as principal, viz. the Viciſſi- 
de and Meaſure of Day and Night; the Order 
of the Fix'd Stars; the apparent Magnitude of 
the Sun, the Quantity of its Light, and Intenſe- 
neſs of its Heat ; the Length of the Years and 
Months, the Summer and Winter ; the Phaſes 
of the Moons; the Eclipſes of the Luminaries; 
the Number, Directions, Stations and Retrogra- 
dations of the Planets ; the aptitude of Phæno- 
mena for the finding out of the true Syſtem ; 
the exact Accuracy that is requir'd in Obſerva- 


tions that are of nſe in Aſtronomy, and other 
things of that nature. FA 


PROPOSITION I. 


O deſcribe what will be the chief Phenomena, 
when the Eye is in the Sun. 

If the Eye is ſuppos'd in the Sun's Center, 
looking round about every way, the Fix'd Stars 
and all the Planets will appear to be in a Sphere 
concentric to the Eye, as it happens to us when 
we look from the Earth; and indeed the Fix'd 
Stars and'the Milky Way will appear in the ſame 
Order, and diſtributed into the fame Conſtella- 
tions as they appear to us Inhabitants of the 
Earth. For ſince the Order of the Fix d Stars, 
and the Figures of the Conſtellations are not 
chang d in reſpect to us who are carried with 

| the 
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| which give names to the Conſtellation be drawn 


the order of the Fix'd Stars does not appear 


the Earth about the Sun, it is plain that it re- 
mains the ſame co the Eye placed any where 
within that Circle, and therefore to it in the 
Sun's Center. If the reprefentation of Things 


forward and concave, they will become the 
Schemes or Conſtellations of the Ancients ; but 
if they be drawn backwards and convex, they 
will become the Modern Figures of the Con- 
ſtellations, more fit for artificial Globes than for 
the Heaven itſelf. 3 

It is alſo plain, that the order of the Fix d Stars 
will remain the ſame if the Eye be on the ſur. 
face of the Sun, or in Mercury, or in Venus, 
becauſe they are contain d within the Orbit of 
the Earth. But alſo becauſe of the immenſe di- 
ſtance of the Fix'd Stars, upon account of which 
it happens, that tho' the place of the Obſerver is 
mov'd, the whole Diameter of the Magnus Orbis, 


chang'd in the leaſt, if the Eye be in Saturn, the 
outmoſt of the Planets of the Solar Syſtem, this 
Order will remain the ſame, or at leaſt not ſen- 
fibly chang'd. For the change of Diſtance, 
which is inſenſible to us, if it be ten times great- 
er (which may happen, becauſe the diſtance of 
Saturn from the Sun is ten times greater than 
2 of the Earth from it) will not be very ſen- 
ible. 
Tho the Planets ſeem plac'd among the fix'd 
Stars, our Obſerver will in a little time diſtin- 
guiſh them from the Fix'd Stars, obſerve the Pe- 
riod of each of them, and compare them toge- 
ther, taking the Period of one for a meaſure, to 
which the Period of the reſt muſt be referr'd. 
And aitho we ſuppoſe the Obſerver unmov'd 
(beeauls he is ſuppos d in the Sun's Center) _ 
or 
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ſor that reaſon liable to no change of Situation 
re. (or any thing like it) by which he may mea- 
re Wl ire the diſtances of the Planets, he will natu- 
he Wl ally conclude, that of two Planets compar d 
85 WM together, that is the remoteſt which takes up 
u nore time to return to the ſame Fix d Stars; 


aud therefore that Saturn is the remoteſt, Jupi- 
ut er nearer, then Mars, then the Earth below it, 
ea Venus, end loweſt of all Mercury. 


Neither is there reaſon to doubt but that the 
it Aſtronomers made uſe of that Rule for find- 
{gout the order of the Planets: (For the Opini- 
ons which Plutarch in his 2d Book of the Opinions of 
Philoſophers, makes mention of that of Zenocrates, 
who ſuppos'd the Stars to move in one and the 
me Surface, and that of Metrodorus of Cbios and 
o Crates, who believ'd the Sun to be plac'd 
cheſt of all, and after it the Moon, then the 
d and wandring Stars, were either the noti- 
ms of ignorant Men, or as I am more inclin d 
v believe, of ſuch Men as had a mind to hide 
the Truth ; ) tho it be more, difficult to apply ic 
tom the Earth than the Sun, by reaſon of the 
dations and Retrogradations of the Planets ſeen 
tom the Earth; therefore we have been o- 
big d to obſerve ſeveral of their Stations and 
Retrogradations, to know from their mean Mo- 
tions what their Periods are. But the whole 
Revolution of each of them was not ſo eaſily 
known ; becauſe when ſeen from the Earth, 
they did not after one whole Revolution return 
to the ſame Fix d Stars, becauſe the Obſerver's 
ſituation is not then in the ſame place. Not- 
withſtanding theſe Inconveniencies,they beliey'd 
Saturn the remoteſt, becauſe the moſt flow, then 
Jupiter, then Mars, and the Moon loweſt of all. 


But concerning the three remaining ones, name- 


* XI — — 


ly the Sun, Venus and Mercury, there was ij 
left room to diſpute, becauſe they found their 
mean Motions equal thro' the whole Zodiac. 
Whence ſome plac'd Venus next to Mars, Mer. 
cury next to it, and then the Sun, as Plats the 
Younger did ; others put Mercury next to Marg, 
then Venus, and then the Sun, as Porphyry ; Al 
petragius makes Venus to be under Mars, then 
the Sun, and then Mercury; others plac'd the Sun 
next to Mars, then Venus, then Mercury, a; 
Ptolemy himſelf, and fo the Sun was number'd a; 
plac d in the middle, in the order of the Planets; 
(Saturn, Jupiter and Mars, being above it, and 
Venus, Mercury and the Moon below it; ) 
which differ'd very little from the moſt ancient 
and true Syſtem, in which the Sun is in the mid- 
dle of the Planets, which about that time was 
| ſcarce out of date, at leaſt not in the Expreſſi- 

on. Others in the mean time from the equality 
of the Mean Motion of thoſe three Celeſtial 
Bodies, affirm'd, that Venus and Mercury went 
round the Sun, and that their Orbits were 
carried by the Sun as Epicycles, which Opi- 
nion was agreeable to Cicero and the egyptian 
Philoſophers ; unleſs we rather think that this or- 
der of thoſe three Bodies was the remains of the 
true Syſtem of the World, not yet loſt among 
the AÆgyptian Pricits. 

Bat our Solar Obſerver will have no ſuch 
things to hinder his Reatonings ; for to him all WM, 
the Planets will be continually direct, with Pe- 0 
riods altogether different, and will appear to re- 
turn to the ſame Fix d Stars, whence their Or- N 
der will be, without heſicarion ſettled from the Ig 
foreſaid Principle. Which in courſe of Time will Ha 
be more confirm d, when they (being eaſily di -t 
ſtinguiſh's from one another, either by their NN 
| magnh 
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de obſery'd before, or their different colour) 
an Inferior one will be eaſily ſeen to cover a 
Superior one. | 1 Th 21 "PR * 
Tue Spectator will alſo in a little time find; 
tit if he compares any Planet with the Fix 
guts it will ſometimes go flower and ſometimes 
p ſwifrer, and from the ſaid Rule will conclude 
tat it is ſometimes ntarer and ſometimes fur= 
der off, which will appear more plainly from 
the change of its apparent Diameter. But When 
E has obſerv'd that the Velocity is not increas d 
n che ſame Ratio as its apparent Diameter, but 
moſt in a duplicate Ratio, he will find that the 
gange of Velocity is not altogether optical, but 
tat half of it is really in the Planet, and that 
he other half appears ſo by reaſon of the greats 
nearneſs; | n QUITE 
Tho' he - eaſily has the Order of the Planets 
whtly eſtabliſh'd, it will not be ſo eaſy for him 
compare their different diſtances from the Sun 
a wich another: For here is wanting (what 
have upon Earth) the tranflation of the 
(bſerver from one place to another, or the dis 
rrſity of Stations, by which he may compare 
tie different Diſtances from himſelf with the di- 
lince of the Stations. 5 
If we remove the Eye from the Sun's Center to 


the Parallax of the Planets : For the horizontal 
Parallax of the Earth toan yo ſo plac'd, is equal 
to the Sun's ,Semidiameter ſeen from the Earth, 
viz. 160, and therefore ſenſible enough ; andthe 
horizontal Parallax of Saturn himſelf which is 
ten times farther diſtant, will exceed a Minute 
and a half, whilſt that of Mereury ariſes almoſt 


to 500. Since then theſe Parallaxes are ſenſible 
enough, the diſtances of the Planets may be com- 
| Z 2 2 par'd 
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par d with the Sun's Diameter, and thereſore 
alſo with each other. The Eye being thus plac's 
all the Fix d Stars and Planets will appear to re. 
volve-from Eaft to Weſt in the ſpace of twenty 
five of our Days. The Northern Pole of that 
Revolution will be in that place which We In. 
habitants of the Earth refer to the tenth degree 
of Piſces, with a Northern Laciaude of 83 or gy 
Degrees, whence the arctic Polar Star will be 
at the ſecond flexure of the Dragon, and which 
is not above three Degrees from the Pole itſelf 
The South Pole will be in the tenth Degree of 
Virgo, 83 or 84 Degrees towards the South 
near to a Star of the fourth Magnitude ; which 
according to the ingenious Dr. Halley, is to bi 
ſeen in the firſt Oar of the Ship Argo. 
And tho' the foreſaid Obſerver has no viciſſi 
tude of Night, as being plac'd in the ſurface o 
a moſt lucid Body, which makes Day, yet the 
Fix'd Stars and Planets wil! make unequal Ar 
above and below the Horizon, as chey de 
clin d towards the Pole, which is rais'd above 
the Equator, or to that which is depreſs d be 
low it, juſt as it happens to us Inhabitants of 
the Earth. «fie | 
ThePlanetsſeen from the Sun appear of differe 
magnitudes. The diameter of Saturn ſubtends an 
Angle of 18”, that of Jupiter of about 40%, that 
of Mars of only 8”, of Venus an Angle of 28", 
and Mercury 20”. The famous Hagens lays down 
the Diameters of the moſt remote ones, viz. Ju- 
piter and Saturn as much greater; making that 
of Jupiter of almoſt 54“; and that of Saturn 
without his Ring, of 27”. If we make the Earth's 
apparent Diameter from the Sun to be a mean 
between the Diameters of the neareſt, namely, 
the apparent Diameters of Venus and Mercurys 
* * K 
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4 or 19%, ſuch as 


three have Satellites; 
umely, the Earch has only one, which is the 
bon, which will 17 — to be diſtant from it, 
t molt, - f ten Minutes; ö —— has four 
Pons, the furthermoſt of which will neyet be 
nber from Jupiter than 9 3 Saturn appears 
panied with five Satellites (beſides the 
z) whoſe outermoſt goes about as far from 
urn. The Ways of thefs Satellites ſeen from 
teSun being ſoinecimes more and ſometimes 
obliquely ſcen, will appear Ellipſes ſometimes 
kmader and ſometimes narrower. Sometimes 
Planes of choſe Orbits produce d go thro the 
kn, it which caſe the Ellipſes are chang d into 
8 lines, appearing firſt a very narrow Ellipfe, 
Mich happens twice in every revolution of that 
Obit about the Sun, if fo be that the Plane of it 
tmains parallel to itſelf ; whence the Satellite 
kill ſometimes appear cover'd by its Primary, 
ud ſometimes again to cover it, and at another 
Wine to move in an Ellipſis about its Dife. 
% The Primary Planets and their Satellites have 
wn ir Surfaces not only not ſmooth and poliſh'd 
uo ununiform as to have ſeveral brighter and 
hacker places, that is, which do more or leſs re- 
urn e the Rays of the Sun, by which they are en- 
Achten d. Theſe Spots by the Rotation ofthe Pla- 
lets about their proper Axes, deſcribe Circles; 
therefore whien ſeen from the Sun, their Ways on 
he plane of the Planetary Diſe will be ſometimes 
Uliptical and ſometimes ſtreight, (as the before- 
nr mention d 
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mentioned Satellites Ways), according as the 
Sun is lifred up above either ſide of the plane 
of the Circles, or is found in it, as it is at 
the time of the Equinox of that Planet. 
If there are ſeries or heaps of thoſe Spots, as in 
Mars and Jupiter, theſe will be ſeen bent into 
Semi: Ellipſes (for the other half of the El- 
Hpſis lies on the back ſide of the Planet) or ex- 
ended into right lines; which alſo happens to 
the ontward Edge of Saturn's Ring. But ſome 
of the Spots are ſometimes hid for ſome time, 
and ſometimes appear again as long; namel 
when à Planet approaches the Pole which 1s 
turn d from the Sun or that which is toward it 
'T — 4 are very obſervable in Saturn an( 
the Earth, but ſcarce in the others; becauſe i 
ht of the Sun always reaches fro 
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Pole to Pole. | 

The Eye placd in the Sun will ſee no Sha 
dow nor Eclipſe, becauſe they are always turn'd 
from the Sun. Bur ſometimes to an Eye on the 
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mine its Geocentrical one. 
Beſides, the fix Primary Planets and the ten 
Satellites (for hitherto we Inhabitants of the 
Earth have ſeen but juſt ſo many) which to 
« 0 | + 8 - 4 


net's Heliocentric Place before we can deter 
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a Solar Obſerver will appear to move in a Zodi- 
ae ſcarce ſixten Degrees broad, and not much 
inclin d to the Circle of the firſt Motion, and 
the fame way, and in Orbits almoſt concentric 
toche Sun; beſides them, I fay, there are ather 
Bodies of a different kind whoſe number is yet 
ncertain, carried in very excentric Orbits (call'd 
Comets) which ſometimes come near to the 
un, and ſometimes go off to immenſe Diſtan- 
& from it. Theſe Comets will appear to be 
aried among the Fix d Stars not all the ſame 
y, but one one way and anocher another, 
(tho every ſingle one obſerv'd by itſelf will al- 
ways go the ſame Road; and for the moſt part 
o not go in the Zodiac or Way of the Pla- 
_ets, but in ways very much inclin'd to it, but 
avays in great Circles of the Sphere. E20 
The Comets are not only diſtinguiſh'd from the 
Planets by the great difference of their motion 
um the motion of the Planets, but by the Hairi- 
x6, which being ſeen from the Sun, does not 
z it often happens with reſpect to us) extend 
elf like a Tail, but appears always to encom- 
aß the Head, as we ſee it when a Comet is in 
poſition with the Sun in reſpect to the Earth. 
dit ſuch a Periwig is ſomething thicker towards 
lat part among the fix d Stars where the Comet 
kpoing, but more extended towards the con- 
tary parts. Moreover, that, Hairinefs is great- 
er and brighter when the Comet deſcends 
its. Perihelium; not only upon optical ac- 
cauſe it is both nearer to the Eye and 


(0 

Pla tes hich enlightens it; but chiefly: becauſe 

eter} de Vapour which cauſes it is thrown out in 
greater quantity, by reaſon. of the encreaſe ( 

e ten the Heat which cauſes it. Bur the Periwig a- 

* chef bout a Comet will not even then appear to a 
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Solar Obſerver,to be compar to that which a 
ſuch a time wou d appear to a Terreſtrial Ob- 


cur 

What we have faid is upon — chat Wl des 
to 

Su! 

thi 


the Eye in the Sum is not hinder'd by the At- 
moſphere about it from ſeeing as far and as 
freely as we do in the Night when the Moon 
does: not ſhine. For if it had a ſharper or 
duller Sight, it might ſee other things further 
off or leſs enlighten'd, or not ſee the things 
which we have mention d; but if it ſees them, it 
will ſee them in the foremention'd manner. 
Beſides the foreſaid Phændmena ſeen from far, 
it will ſee a great many changes on the ſurface 
of its own Habitation: For at one time it will 
be cover'd with great, denſe and frequent Spot 
or Iſlands, which in -a little time will change 
their figures and then be altogether diſfipated 
and yaniſh; ſometimes for a long time there ap 
pear no ſuch Spot (at leaſt not ſo great or denſs) 
for a long time. But to an Eye in the place 
which we mention, they will not be look'd up: 
on as Celeſtial Phænomena; therefore we ſhan't 


9 


ſay much of em in this place. 


Poros 110 II. 
O deſcribe what Phænomena will appeur to an 
8 Eye in Mercury. Fa, 295 | 
| Beſides the Phænomena of the order of the Fix d 
Stars, which agreealike with an Eye plac'd any 
where within theOrbof Saturn, it is plain that the 
Eye poſited in Mereury, will ſee the Sun lmoſt 
three times broader than we ſee it fro the 
Earth, becauſe (by Prop. 40, and 42. B. 1.) Mer- 
gury is almoſt three times nearer to the Sun than 
Earth. Whence alſo the Solar Diſc ſeen from 
ercury, is ſeven times greater than the Diſc 
De . 
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as it appears to us, and (by Prop. 48. B. 1.) Mer- 

has ſeven times more Light and Heat, ce 
teris peribus, than the Earth. But theſe Quali- 
ties are much more or leſs intenſe according 
to the different diſtance of Mercury from the 
zun; for its Orbit is much more excentric 
than the Orbit of any other Planet. 1. 

The accelerating gravity towards the Sun is 
alſo ſeven times greater there than here. The 
denſity of Mercury, and conſequently the acce- 
lerating gravity of Bodies on its ſurface towards 
its Center, may be gather'd from Prop. 49. B. 3. 
tho' leſs accurately than ti:at towards the Sun, 
becauſe it is only done analogically. But we 
ſhall not ſpeak of ſuch things here or in the fol- 
bwing Pages, as not belonging to the Celeſtial 
PFznomena, which alone are to be conſider'd 
in this place. 

It has not yet been found by Obſervation, 
whether Mercury turns upon its own Axis, 
ind therefore it can't be certainly defin'd 
whether to an Eye plac'd on its ſurface, all the 
things without will appear to revolve with a 
contrary Motion ; that is, whether it has the 
ſiciſſitude of Day and Night, much leſs what is 
the ſpace of its Nychrhemeron or Natural Day; 
but one may ſafely enough conjecture that it 
does revolve about its Axis, ſince the other Pla- 
nets do. But the Year of Mercury is ſcarce e- 
qual to a quarter of our Year, tho ic is uncer- 
tain whether it has different Seaſons, becauſe. 
they depend upon the inclination of the Axis of 
its Rotation, which is unknown to the plane of 
the Orbit which it deſcribes about the dun. 
The Eye plac'd in Mercury looking at the 
Sun, will ſee the Sun's Spots (when it has any) 


ſometimes in a right line croſſing his Diſc = 


2224 


3 * 


83824 The ELEMENTS: Book VI. 
Eaſt to Weſt, at another time their Way will 
appsar elliptical and curve toward one ſide or 


r other; as was ſhewn in the Schol. of Prop. 0. B. 4. MT! 
and all the variety of this Phænomencn will g: 
happen in one ear, in which the Track or way Ne 
of the Spots will appear twice rectilineal. In Ni 
this caſe Mercury will ſee all the Spots on the Nen 
pun's ſurface, becauſe. being in the plane of the Noon 
Sun's Equator it will ſee each of irs Poles in the M 
margin or edge of the Diſc. - But when the Eye Wn 
is rais'd above the plane of the ſolar Equator ro- un 
wards either Pole; that is, when the Spots ap- War 
pear to deſcribe, an Ellipſe, one Pole and the Wl 
Spots near it are hid in the Sun's hinder Hemi-Whe 
' ſphere. |, But in every caſe a Spot near the Sun's 
Limb will appear of à Figure different from that Wi 


which it had in the middle of the Diſc, as being n 
very obliquely ſeen. 


IRE» 1 
But the Way of the ſolar Spots ſeen from 
Mercury will be almoſt always ſtreight; becauſe Wy 
Mercury never much declines from the Plane of n 
the Sun's Equator, and therefore not ſenſibly from Wi i 
the Planes of the Circles which the Spots de- WM « 
ſcribe by their rotation. FED 8 
And as the Plane of the Orbit of the Earth is n 
moſt of all inclin'd to the ſaid Plane of the Sun's b 
Equator, the Way of the Spots ſeen from the Wl i: 
Earth appears more curve than if the Sun was Wl } 
ſeen from any other Planet. This Curvature N 


will be ſomething leſs ſeen from Jupiter or Mars, 
and yet leſs from Saturn, leſs ſtill from Venus, 
and leaſt of all from Mercury, as we uſt ſaid. 
Mercury will alſo ſee the Way as well of the Sa- 
rellites as of the Spots of the other Planets, ſome- 
times extended in a right line, ſometimes bent 
in a curve, and ſome of them ſometimes hid for 
A gtear while, and ſometimes as A 
$536 b cordi 
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g as they are near to or diſtant from 
aden or ſeen Pole of the Planet. Ts 
The other five Planets are ſuperior to Mercu- 
therefore their Phænomena are to an Eye 
he d in Mercury, as the Phænomena of Mars, 
hpicer and Saturn ſeen from the Earth, con- 
ning Which ſee che 7th, gth and th Propoſi- 
jons of the firſt. Book. Therefore Venus and 
he Earth, when. ay are in oppoſition with the 
wn, will ſhine with a full Orb and reflecting the 
ns Rays very direaly will ſhine upon Mer- 

all Night, and powerfully expel the Dark- 
af For ſince Venus when it is horned, and 
hews the leaſt part of its enlighten'd Hemi- 
ſphere to the Inhabitants of the Earth, is ſo 
light as to caſt a Shadow, it will appear very 
night to Mercury, to which it turns its whole 
alghten'd Hemiſphere. The Earth alſo has a 
meat power of reflecting the Sun's Rays, as it 
wpears from that Light which it caſts upon that 
wrt of the Moon's Diſc which is turn'd towards 
: But being as well more diſtant from Mer- 
ary, which is to be enlighten'd, as from: the 
dm from which it receives its Light, it will do 
much leſs in this caſe than Venus, unleſs it ſhou'd 
be more apt to reflect Light than Venus, which 
5 not likely. The ſuperior Planets do yet en- 
vas — Mercury with a weaker: Light than they 
we Et ore 6D od nd; 338 
rs, Mercury ſees no inferior Planet known to us, 
us, end therefore ſees no celeſtial Body falcated or 
horned; and therefore a Spectator there will 
want the Argument taken from ſuch Phaſes of 
ne- ihe Planets to eſtabliſh the true Syſtem of the 
World: For the Phaſes of the inferior Planets 
have clearly ſhewn-that they moy'd about the 
= dun; whence it was natyral to think the ſame & 
| 12. . : N t 2 
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the other Motions. © But nevertheleſs, tho we 
don't ſee any Planets inferior to Mer „ it 
does by no means follow that there are no ſuch: 
for Mercury himſelf is ſeldom ſeen in our ob- 
lique Sphere, and one that ſhould be much infe. 
rior to it wou d never be ſeen upon account of 
its nearneſs to the Sun. Og 
An Obſerver in Mercury, as well as we upon 
Earth, wants Mediums to compare the Diſtances 
and Diameters of the Celeſtial Bodies with the 
Diameter of his Habitation, or with his own Mea- 
ſures, unleſs he has very exact Inſtraments. For 
the Parallax of the Sun ſeen from Mercury (as 
far as we can gueſs from Analogy) is leſs than 
its Parallax when ſeen from the Earth; the ap- 
rent Diameter of Mercury ſeen from the Sun 
been leſs than the Diameter of the Earth ſeen 
from it: and Venus when in oppoſition with the 
Sun, and therefore neareſt to Mercury, is near 

' as far from Mercury as the Sun; and therefore 
the Parallax of Venus (even when Mercury in 
its Aphelium fees it oppofite to the Sun, and 


conſequently. neareſt of all to it ſelf) is not Ml & 
greater than the Parallax of the Sun ſeen from Wl & 
the Earth. And theſe are the two great Bodies f 


of the World, near to Mercury, which have Wl d 
the moſt ſenſible Parallax. | | 

But becauſe Mercury changes its place, a Spe- n 
ator in Mercury, by Obſervations made from WM « 
different Stations, will gather the ratio between fr 
the diſtance of Mercury from the Sun, and the MI fr 
diſtance of any other Planet from it, after the MW tc 
fame manner as we Inhabitants of the Earth do fi 
it from the Parallax of the Magnus Orbis. But A 
certainly it cannot be fo fafely determin'd be- 
cauſe the diſtance of Mercury from the Sun is f 
not ſo great in reſpe of the diſtance of * 1 
ä Pect ol ther 
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ger Planers, as the diſtance of our Earth from 
de un. But as it is yet ſenſible enough in re- 
ect of them, being about the five and ewen- 
geth part of the diſtance of Saturfi from the 
aun; the ratio of all thoſe diſtances will conve- 
mently enough be determin'd by Obſervations 
made in Mercury, if ſo be that the Obſerver 
knows the motion. of ics Habitation about the 
zun. But if, truſting to his Senſes, he thinks 
bis Mercury to be immovable, he won't be able 
do even this, any more than our Aſtronomers 
lhabitants of the Earth as long as they look d 
ton the Earth as immovable; which is evident 
from the Diſtances of the Planetary Orbits aſ- 
ſen'd by the Followers of Ptolemy, ſo vaſtly dif- 
krent from one another, and yet agreeing well 
though with the Phxnomena. For in the Syſtem 
hereby the Obſerver's Place is ſuppos'd un- 
hoy'd, if an Epicycle be ſuppos d for any one 
o the ſuperior Planets to run thro' in one Re- 
yolution about the Sun, and ſufficient to explain 
s greateſt obſerv'd diſtance from the place in its 
axcentric near the Quadrature with the Sun, the 
demidiameter of the Excentric which is the De- 
ferent of the Epicycle, may ( without contra- 
diting the Phænomena) be taken of any mag- 
dude, fo that it be ſuch that the Planet, when 
„e- feareſt, may be further from the Earth, than 
m W chat won d make its diſtance liable to be defin'd 
en from the Parallax : nay, nothing hinders Mars 
he Wl from being plac d above Jupiter, or Saturn be- 
he W low Mars, unleſs it be the Rule given in the 
do loregoing Prop. and that depends upon Sagacity 
ut and not Demonſtration. 1 

de- The Places of the Sun and all the Planets, 
is feen from Mercury, are found the ſame way as 
o- Wen ſeen from the Earth, and defin'd by the 
er "is Big a Jv 1 * help 
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help of the Tables in B. 3. For ſince out of them 
the Heliogentric Places, as well, of Mercury as 
of any other Planet are readily defin'd, the Her- 
mocentrical Place of this other will be defin'q 
by an Operation like the operation of the 4oth 
Prop. B. 3. which is alſo true of any other Planet, 
40 therefore I ſhall not repeat it in the follow. 
ing Propoſitions. I. 3 
The Phænomena of the Comets ſeen from 
Mercury, or any other of the Planets, are al- 
moſt the ſame as their Phænomena ſeen from 
the Earth, of which we ſpake in the foregoing 
ow f they differ in nothing but their di 


Hance. 


PRoPosITION III. mt 


A No deſcribe the Phanomena as ſeen by an Eye in Wl 
r | | 1 
In Venus the Sun's Diameter appears almoſt Wl 3 


as little again as it does in Mercury, and once WM tv 
and a half greater than to us on Earth. Whence Wl k: 
the Sun's Diſc ſeen from Venus is more than WM 
twice greater than from hence by us, and alſo ll ki 
the Light, Heat, and accelerating Gravity to- ü 
wards the Sun, are encreas'd in the ſame Pro- WM x 
ortion. | | re 
Venus's Year (namely, its Period about the fr 
Sun) is equal to ſeven and a half of our Months; p 
but the Day in Venus is almoſt an Hour lefs than WW ir 
our Day. Fu w.4 | | y 
Venus ſees four ſuperior Planets, * whoſe Phæ- WW x 
nomena therefore are like thoſe of Mars, Jupiter WM $ 
and Saturn, ſeen from the Earth, or all of them f 
ſeen from Mercury. But our Earth (een in op- «| 
poſition with the Sun, and for the whole Night, t 
ſince (by Prop. 9. B. 1.) it ſhines with a full Ocb, W t 
will appear very bright ; and this Light will bg |; 
a 2 * en- 
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ncreas d by that of our Moon, ſhining alſo at 
that time with a full Orb. The Moon will ap- 
pear always to accompany the Earth, as it reall 
bes, and ſometimes will be above half a degree 
liftant from the Earth. ac, Henke * 
Venus has only one inferior Planet, namely, 
Mercury, Which is never farther diſtant from 
te un than about 38 Degrees, and which will 
wpear in the ſame manner to Venus, as Venus 
Mercury do to the Inhabitancs of the Earth, 
concerning which ſee Book 1. Prop. 4, 5, and 6, 
An Obſerver in Venus will not want means 
v compare the diſtances of celeſtial Bodies with 
ts own meaſures ; for he will compare the Dia- 
meter of his Venus with the Meaſures which he 
ammonly makes uſe of, as we do our Earth's 
Diameter with our Meaſures, by Schol. Prop. 17. 
}2, and the Parallax of the Earth in oppoſition 
the Sun, is four times greater than the Paral- 
kx of the Sun ſeen from the Earth, and there- 
fre not altogether inſenſible: Therefore he 
knows the ratio of the Diameter of his Venus to 
the Diameter of the Earth oppoſite to the Sun 
ud Retrograde from Venus; that is, the diffe- 
rence of the diſtances of Venus and the Earth 
from the Sun; but the Parallax of the other 
Planets (even when neareſt to Venus) is almoſt 
inſenſible. If che Obſerver in Venus knows that 
Venus moves about the Sun, he will from thence 
gather the diſtances of the Planets from the 
dun, as the Inhabitants of the Earth do: And 
from the* ratio between two Quantities, and 
their difference being given, the Quantities 
themſelves are alfo given, and conſequently 
thoſe others having given Ratios to one of the 
ſaid Quantities. Bur if he does not know that 
his Habitation moves, he will indeed (oy 
ule 
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Rule given in Prop. 1.) fettle by gonjectureg ſtron 
the Order of the Superior Planets, but not their bei 
Diſtances, as has been ſaid in the foregoing 17 
Eee in concerning Mercurial Aſtronomers 
e will have the ſame reaſon of doubting of 
the order of Mercury and the Sun as the An- 41 
cients ( Inhabitants of the Earth) had of MY” 
Gong of the order of Mareury „ Venus, 1 
and the Sun; ſome ſaying that Mercury is 
above the Sun in reſpect of Venus at reſt in the 
Center; others ſaying that it is below it; and 
laſtly, others faying that Mercury moves about 
the Sun as the Center of its motion. But at laſt 
it will be out of doubt that Mercury moves a. 
bout the Sun when the Sight can be *4 far help'd 


as to make its Phaſcs viſible. For before that, K 
one may (without contradicting the Phænome- 
na) err fo much in the eſtimate of the Diſtan- Or 
ces of the Planets, that if an Epieycle be al- a 
low'd to Mereury, whoſe Diameter ſeen from 10 
Venus is equal to two Signs and a half, and its 1 
Center be plac d in a Line joining the Sun and . 
Venus, or produc'd beyond the Sun, the Defe- Wl *b 
rent of the Epicycle may be plac'd beyond the Ml ® 
Sun's Orbit, or any where ſhort of it, if ſo be WM ® 
that it exceeds the limits of a Diurnal Parallax. 8 
Which is plain from this, that in the Syſtem of Wl © 
the Earth unmoy'd (without contradiction to 
thePhenomena then known) the Deferents of 8 
the Epicycles of Mercury and Venus are placd Wl © 
far ſhort of the Sun by almoſt all the Aſtrono- 8 
mers who are the followers of Prolewy ; tho' now hy 
there is no Body but what may of of himſelf 
diſcover that thoſe Planets go round the Sun. » 
_ Having once determin'd the diſtances of the © 
Planetary Orbs from the Sun in the crue Syſtem . 


of Venus moving about the Sun, if — A- 
* 
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mer. will have Venus (his Habitation) to 


a Center of the World and unmov'd, he 
may ſuppoſe it two ways according to the Laws 


8 of Optics. Firſt, that Venus being in the Cen- 
N ut, the Sun together with all the Planets, and 


tr Orbits which they deſcribe. about the Sun 
vill move the ſame way in right lines parallel 


f each other; ſuch an Obſerver in Venus will 
„ ne the Tychonic Syſtem, namely one in which 
5 Wl he Sun is carried in an Orbit equal, ſimilar, and 
7 WM ovary to that which Venus docs really de- 
beide about the Sun, and all the Planets with 
f heit Satellites (except that they are carried by 
de Sun about Venus) will perform the ſame 
4 notions about the Sun which they do in the 
2 me Syſtem, the Primary Planets in Epicycles, 
3 


ud the Satellites in Epicyclo-Epicycles ; and the 
Orbit of the Earth will interſect the Sun's Heaven 
at as the Orbit of Mars in che Scheme of Zyebo 
n Earth. But the Orbit of Jupiter does not inter- 


8 {& but contain the Orbit of the Sun in ſucha Sy- 
3 Wh kn on Mars. Secondly, An Aſtronomer may 
„hci eſtabliſh a Syſtem of Venus unmoy'd in 
+ center, if after he has promoted his Venus 
e och. central place, and at the ſame time made 
- WH ©: Sun and all the Planets go in right lines pa- 
f allel to each other as before, but not the Or- 
» dis of che Planets, which he keeps unchang d, 
Ky the fame which they deſcrib'd about the 
u (whilſt it remain'd in the Center) becauſe 
„ou Aſtronomer makes them move in ſuch Or- 
v about himſelf; and he will on his Venus 
ke the Prolemaic Syſtem, in which the Sun is 


carried about Venus after che manner explain d 
in the Tychonic Syſtem, and every Planet is 
moy'd in an Epicycle equal, ſimilar and con- 
Inily palced to-tho true ripe of Venus about 

the 
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the Sun; but the Center of the Epicycle is car. M4 
ried inthe ſame Orbit and after the ſame manner Wy 
that the Planet it ſelf was mov'd before the San . 
was thruſt out of the Central place to put Venus 
there, and the Epicyle of the Earth deſcends in- 
to the Heaven of the Sun after the ſame manner 
that the Epicyle of Mars does in ſuch a ſort of 
a Syſtem upon the Earth, which alſo will be 
true in any other Planet beſides Mars. Thus 
wou'd the Prolemaic Syſtem be made conſiſtent 
with itfelf, and the motion of the Centre of the 
Epicycle be taken away from the Sun, and the 
motion of the Planet in the Epicyele be aſcrib'd 
to it as well in the inferior as in the ſuperior 
Planets; and, univerfally this Syſtem wou'd a- 
gree with all the Phznomena as well as the 
True one, Or as the Tychonic one. Theſe two S 

ſtems (namely the Prolemaic and the Tythonie- 
interchange the Deferents and the Epicycles: 
For the Tychonic makes the Deferent the ſame 
and equal for all the Planets, ſimilar, and contra- 
rily poſited to the Orbit of the Spectator's Pla- 
net about the Sun, but with different Epicycles, 
ſimilar and ſimilarly poſited to the true Orbits 6 
the reſpective Planets about the Sun; for in this 
Syſtem the Sun has no Epicycle, as in the True 
one it has no Orbit, for in ſuch a Syſtem the E-Wl(y 
picycle, and in our true one the Orbit is on-WEſte 
ly look d upon as a point, which Figures are ſ- Wh, 
milar and ſimilarly poſited. But the Prolemaic Wl 
Syſtem gives all the Planets Epicycles equal to ¶ ut 
the Orbit of the foreſaid Spectator's Planet about Whe 
the Sun, ſimilar and contrarily poſited to it, but ¶ ne 
different Deferents, namely, the fame as their Wint 
reſpective Planets Orbits about the Sun in the Wthe 
true Syſtem. But becauſe the Syſtem aſſerted N 


by the Prolemaics is not made out of the _ BY 
| em, 


py by, * " K e * 
* 
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tem, but built by degrees on the Phænomend 
without the help of the true one; therefore in 


the proportions of the Deferent Orbs (as the 
pllowers of it make their Syſtem) is unknown; 


ins Wind only the ratio between the Deferent and 
ner Whjicycle of each Planet is ſettled from its mo- 
t of ons; whence it happens that in Saturn, Jupi- 
| be e ind Mars the ſemidiameter of the Deferent 


om Prolemy's own Numbers) is to the Semidi- 
meter of the Epicycle as the Diſtance of a Pla- 
xt from the Sun to the Diſtance of the Earth 


the em it. But as in the 7ychonic Sy ſtern all Pla- 
1b (is have the ſame Deferent, if from the motion 
rior Mary one be found the true ratio between its 
d a-Mſhicycie and Deferent, there will be found (ex 


w) the ratio between the Epicycles of them 
[| that is, between the Orbits of all the Pla- 
xs; and nothing elſe is done by the true Sy- 
kn, The juſt Syſtem of Ptolemy (that is the 
Mmait Sy ſtem, built on the foregoing Printi- 
e) ſuppoſes the Epicycles of the inferior Pla- 
ks equal to the Sun's Orbit: But as it appear'd 
wnſtrous to make an Epicycle greater than its 
kkrent,” therefore the Prolemaics chang'd the 
leſerent of each of the inferior Planets into an 
ticycle; but yet in ſuch manner that both 
hich they cotr'd not hinder) the Deferent anti 


on- Wie Epicycle, ſhon'd retain their nature; names 
e- hithat the motion of the Epicycle in the Pe- 
* krent ſhou'd be join'd to the Sun, and the Pla- 
to 


rs motion in the Epicycle ſhou'd be off from 


out de Sun. By this change they left their genu- 
_ ae above-deſcrib'd Syſtem, and as it were felt 
elt 


ito the Tychonic ; and the Prolemaic Syſtem of 
tbe inferior Planets differs from the Tychcnic on- 
Fin this, that, without knowing the true Se- 
mdiameter of the Deferenty it lays down only 

Aa a a the 


* 9 8 
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the true ratio between the Semidiameter of the 
Deferent and the Semidiameter of the Epicy. i 
cle; and That according to Prolemy is the ſame Wit \ 
with the ratio of the Diſtance of the Earth from W hat: 
the Sun to the Diſtance of the ſaid inferior Pla- M15 
net in the true Syſtem. And the foreſaid two Wilt 
Syſtems are made by retaining the Planetary WV P 
Orbit of the true Syſtem; but if you change them Mi: 
you may make an infinite number of Syſtems, Mi! 
each of which will agree with the Phznomena, {Wo 
nay, find the place of every Planet to be the M1 
ſame in reſpe& of the Earth (that is, a right kre 
line being drawn the ſame in Magnitude and WI" 
Poſition) as that in the true Syſtem ; and none {Mo 
of theſe Syſtems wou'd be found to be falſe 
without the help of Natural Philoſophy, 

We have more than a bare ſuſpicion to incline 
us to believe that Venus has a Satellite, from 
the Obſervations of that curious Aſtronomer 
Mr. Caſſini, made by chance in the two Vea 
1672 and 1686; in the laſt of which, on the 
28th day of Auguſt, at a quarter after Four in the 
Morning, through a 34 Foot Teleſcope, he for 
a quarter of an Hour. ſaw as it were a Satellite en 
of Venus diſtant from Venus about + of the Di- Ne 
ameter of Venus, of the ſame Phaſis as Venus, t 
(as it ought to be, ſince their ſituation in reſped {Wa 
of the Sun enlightning, and the Earth ſeeing, 
was the ſame) but of no regular Figure, and 
of a; Diameter which was about a fourth part of 
Venus's Diameter. That Mr. Caſſini did not ſee 
that Satellite at any other time tho? he much 
endeavour d it, might be owing to this, that the 
furface of that Satellite is leſs apt to reflect the 
Sun's Light, as we find the fame thing true in 
reſpect of the Spots of our Moon. For if out 
whole Moon ſhou'd as weakly reflect the Light 


a 
4 _ 
of 


Js darkeſt Spots do, it wou d ſcarce be viſible 
ne Wit Venus, and appear of an irregularly termi- 
m Miatd Figure: Yer we muſt confeſs, that ſuch 
a. Macarellice of Venus (if it has one) is of a very 
vo {ferent nature from its Primary, which does 
ry þ powerfully and ſtrongly reflect the Light of 
em We Sun, that Hagens with a Teleſcope of 60 Foot 
nes end ſee nothing like a Spot in it; which is 
na, o the reaſon why che pofition of the Axis of 
the Ws diurnal Rotation is nor defin d. But this dif« 
gut krence between Venus and its Satellite does 
ind ertaps arife from this, that it is not chie ſolid 


one! obe of Venus, but an Atmoſphere about it ve- 
216 Wy denſe and full of Vapours which reflects the 


ins Light to us, ſuch an one as which is wants 
bp to its Satellite; as it happens in our Moon, 
bo the Earth is encompaſs'd with an Atmo- 
here denſe enough and full of Clouds, which 
pu d hinder an Obſerver in Venus from per- 
ring the diſtinction of Seas and Land, but he 
wu'd ſee its Surface almoſt ſmooth and equal- 
rn ſuch as Venus appears to us. 

enus has its Moon, it is almoſt in all reſpects 
Ike our Earth, from which it differs leſs in the 
quntity of its Day and Night, and degree of 
teat, than any other Planet. | 


ing, p ; 

2 RO POSITION IV. 

rt of O deſcribe the Phænomena to an Eye poſited in 
t ſee 1 Mars. | | a 
mch! The Sun's Diameter appears one and a half 
the leb from Mars than from the Earth, and there- 


ore it gives twice leſs Light and Heat in the 
kepioh, of Mars than it does to us on Earth, 
ut theſe things, by reaſon of the great Excen- 
ricity of the Orbit of Mars, are ſenſibly chang'd, 
not fo much as in Mercury. 


a K * 
| Aaaa 2 Mars's 
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Mars s diurnal Revolution is almoſt perpendi 


- ſince the ſame degree of Heat always continue 


Mars's Year, is almoſt equal to two of our 
Years ; but the natural Day bur a little greater 
than ours: But the artificial Day, during whic 


the Sun ſhines above the Horizon, (except the 
Twilight before the Sun's Riſing, and that af 


ter its Setting, according to the Height of the 
conſtant Atmoſphere) is almoſt always and e 
very where equal to the Night, and therefore 
very little difference of the Summer and Win 
ter is there felt; and that becauſe the Axis 0 


cular to the Plane of its Orbit. In the meat 
time the Places at different diſtances from th 
middle Circle between the Poles have ver 
different degrees of Heat, upon account of th 
different inclination, of the Sun's Rays to the He 
rizon, as it is on the Earth at the time of t 
Equinox: And from hence I ſuſpect that the F 
ciæ or Belts ariſe which run parallel in the Circt 
that is in the middle between the Poles. Pe 


in the ſame Climate, it is likely that the Spot {n 
in Mars (like the Clouds and Snow on Earth m 
owing their riſe to Heat and Cold, are extend Bu 
ed according to the Climate, and make Faſci bo 
parallel ro the Circles of Mars's diurnal rotat 7 
on zwhich is alſo true of Jupiter, who like Ma 4 
has a perpetual Equinox. tha 
The Obſerver in Mars ſees two ſuperior Pla 80 
nets, viz. Jupiter and Saturn, and two inferio 

Planets, namely the Earth and Venus; who 

Phænomena are like the above-deſcribed Phæ 
nomena of the ſuperior and inferior Planets 
He will never ſee Mercury, (as never being of _.. 
bove half a Sign from the Sun) unleſs by chan} Þ! 
like a Spot in the Sun as it goes over his Diſc 10 


ein., 


at leaſt if Mars has an Atmoſphere about it 


— 252 — 


largt 


2 


large and as denſe as that of our Earth, as it 
fems likely by the obſervation of the Fix'd Stars 
which grow duller, and ſeem almoſt extingui- 
fed before they appear to touch Mars's Globe. 
le will ſee Venus as far diſtant from the Sun as 
Mercury appears to us, and the Earth as far as 
ze ſee Venus: And as the Earth ſeen from 
Mars, appears near and almoſt in conjunction 
with the Sun, he will ſee the ſame thing at the 
Earth as the ingenious Mr. Caſſini ſaw once or 
mice at Venus; namely the lower Planet fal- 
ated or horned,” and its Companion by it of 
the fame Phaſis, which at moſt will not appear 
hore a third part of a Degree from it. 

An Aſtronomer in Mars is almoſt deſtitute of 
means to compare the Celeſtial Bodies with his 
Mars, and their Diſtances with meaſures that 
te knows; by reaſon of the Diſtance of the 
(aceſt Planets, viz. Jupiter and the Earth. For 
when the Earth is neareſt to it and the loweſt of 
the Celeftial Bodies, its Parallax will not be 
knſible, not amounting to above 12 Seconds, 
much the ſame as the Suns Parallax with us. 
But if he is ſenſible of the motion of his Mars a- 
bout the Sun, he may compare the Diſtan- 
ces of the Celeſtial Bodies one with another: 
It he is not ſenſible of it, he can't even know 
that ; as has been amply ſhewn in the two fore- 
going Propoſitions. 
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PROPPOSIT ION V. 
T O deſcribe,the Celeſtial Pbænomena as they ap- 
peargto an Eye in Fupiter. 

The Diameter of the Sun feen from Jupiter 

aal vill appear a little more than fivetimes leſs than 

e it does when ſeen from the Earth; and there, 

fore its Light and Heat will be ewenty-ſeven 

'. Aaaa 3 times 
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it will ſcarce be ſeen at that Diſtance from the I y, 


times leſs in Jupiter than with us. Jupiters i vpe 
Year is almoſt equal to twelve of our Years : 
But on the other hand the natural Day will be 
leſs than ours, ſcarce ariſing to ten of our Hours: 
(And the motion of Jupiter about its Axis is 
perform'd in the: leaſt Period of all the diur- 
nal Rotations which the Aſtronomers have hi. 


5 
therto obſerv' d in any of the Celeſtial Bodies: ) jo 
Whence in Jupitet the Near conſiſts of above Mir 
ten thouſand: Days. Jupiter's Day is divided Wo 
into an Artificial, Day and à Night almoſt e- 
gually over che whole ſurface of Jupiter; be- st 
cauſe the Axis, about which Jupiter revolves, 
is almoſt perpendicular to the plane of the ola 
Orbit, which he. deſcribes about the Sun, de 
whence the ſame things will obtain as in Mars | 

. Goncerning which we ſpoke in the foregoing to 
Propoſicion, _ | rs m 
Tho' there are four Primary Planets below, 
Jupiter, the Eye in Jupiter will ſce none off j; 
them; if we ſuppoſe it not more ſharp-ſghted M4 
than we, and believe that it has ſuch an Atmo- 


ſphere as the Earth: For Mars himſelf who 
goes fartheſt of all from the Sun, will not be a- 
bove 18 Degrees diſtant from it; but as Mars is HN 
both ſmall, and weakly reflects the. Sun's Light, 


Sun. It is true indeed that the Sun's, Light at 


Jupiter is not ſo bright as at the Earth, and © 
therefore that the neighbouring Stars are not Iſl ,, 
ſo much darken d by it; but alſo the Light of WI ;, 


Mars, the Earth and Venus, is diminifh'd in the 
fame ratio by reaſon of the encreas'd Diſtance Iſ h 
of the Eye: Whence at the ſame. diſtance from f 
the Sun, when ſeen from Jupiter, they are like- 
wiſe extinguiſn d by the Light of the dun. But þ 
the Planets below Jupiter may be ſeen like Spots f 
en 8 14 upon 1 
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ypon the Sun's Diſc ; but that will only happen 
y chance: For an Aſtronouer in Jupiter being 
not more certain of their exiſtence than we are 
ofthe exiſtence of Planets below Mercury, will 
notreckon upon their motions ſo as to expect to 
e them at a due time; an Eye therefore in 
witer will ſee only Saturn and that above it. 
But then ſuch a Spectator will ſee carried in a 
Circle in the middle between the Poles of its firſt 
Motion, his four Satellites plac'd near him and 
ſrongly reflecting the Sun's Light, unleſs ſo much 
$they appear by the Sun's Parallax to decline 
wwards one Pole or the other, when the Eye is 
fac d towards either Pole; fo that the number of 
thePlanets will appear to be Six to an Obſerver 
in jupiter. For there is no doubt but that looking 
won his Habitation, the Globe of Jupiter, as 
mmov'd (which by reaſon of the immenſe big- 
gels that he eaſily finds his Globe to have above 
the Planets near him, he may much more rea- 
bnably do than the Inhabitants of the Earth 
wncerning the Earth) he will reckon his four 
attendants as Planets, to which number he will 
ad the Sun and Saturn, juſt as we reckon our 
Moon among the other fix: And indeed he will 
not err much in their Order, if he looks upon 
that as moſt remote, whoſe, Period about Jupi- 
ter takes up the longeſt time, | 
Moreover, he will eafily compare the Diſtan- 
ces of the four Inferior with his own meaſures ; 
tamely with the Diameter of Jupiter, as we do 
ours with the Diameter of the Earth; and it will 
be eaſier for him to compare the Diſtance of the 
four neareſt Planets with the Diameter of Jupi- 
ter, than it is for us to compare the Diſtance of 
the Moon with the Diameter of the Earth : For 
the horizontal Parallax of the remoteſt of them 
+ ſen 
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ſeen from Jupiter is more than twice greatert 
the horizontal Parallax of the Mee {een pn 

1 8 and therefore very ſenſible. And tho 
the Globe of Jupiter be of an immenſe bigneſs 
in reſpect of our Earth, the Parallax of the Su 
ſeen from Jupiter will be ſcarce ſenſible, as not 
ariſing to 20 Seconds ; neither will che Parallag 
of Saturn (even when oppoſite, to the un and 
neareſt to Jupiter) be much greater: It will 
therefore be difficult for the Jovial Aſtronome 
$0 compare the Diſtances of the Sun and Satur 
With his own meaſures; If he knows the mo 
tion of his Jupiter about the Sun, he will eaſil 
find the ratio between the Diſtances of Jupiter 


Le 44 2 0 | . k 
and Saturn from the Sun, otherwiſe not; as it 


has been explain d in the 34 Pp. 
Therefore . gk | Obſerver relying upon 
his Senſes will diftinguiſh two ſorts of Planets; 
namely four near- him, and two very. remote 
ix. the Sun and Saturn of a ſmall, and the 
other four of a much greater apparent Diame 
ter. For of the remoteſt the Sun appears about 
6 broad, but Saturn even when neareſt, has ſcarce 
a Diameter of half a Minute. Of the others, 
the fourth from Jupiter will appear to be of a- 
bout the ſame bigneſs 2s. the Moon appears to 
the Inhabitants of the Earth, chat is of a Dia- 
meter five times as big, and Diſc five and twen- 
ty times as big as the Sun to an Inhabitant of 
Jupiter; and if the remaining Satellites are noz 
much leſs than the outermoſt, they will yet ap- 

ear bigger, eſpecially if they are not leſs than 
bor Earth, as that accurate Coſmographer Mr. 
Hugens, affirms that they are not. Beſides, the 
four neareſt and apparently greateſt, will be di- 
ftinguiſh'd from ble ſeſſer and moſt remote, be- 
ee ee e e of ths 
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periodical Times are as the Cube of their Di- 
ſences from the Center of Jupiter; but this will 
dy no means hold if you compare any of the 
great ones with any of the little ones. Althg' 
thoſe that are neareſt appear to be biggeſt, the 
dun will appear vaſtly brighter than them; nay, 
fom- their Phaſes, which depend upon their 
Aſpects to the Sun, they will appear as ſo many 
Moons. Whence the Spectator in Jupiter will 
have four ſorts of Months denominated from the 
four Moons: There will be of the leaſt Months 
more than 24070 in a Year ; of the Months im- 
mediately greater, the number will be about as 
little again; of the third in order, the num- 
her will be about ſubduple in a Jovial Year, 
or about ſubquadruple of the leaſt ; but of the 
greateſt Months there are about 254 in a Year. 
And therefore tho' the notation of the Time be 
ſomething more intricate on Jupiter, becauſe 
the Year contains a great number of Days, yet 
by thoſe four kinds of Months it becomes ready 
enough: For in the leaſt Month there will be 
only four Days and a quarter ; but in the great- 
bmething more than forty Days. 

Beſides, theſe Moons, when they are in op- 
poſition with the Sun in reſpe& of Jupiter, 
mnning into Jupiter's Shadow, are Eclips d, and 
again, when they are in Conjunction with the 
dun, as they throw their Shadows on Jupiter, 
they will make the appearance of an Eclipſe of 
the Sun to an Eye poſited on that part of Jupi- 
ter where the Shadow falls (which is a ſmall part 
enough of Jupiter) as our Moon does. But be- 
cauſe the Orbits of thoſe Moons about Jupiter 
are in a Plane (all of them indeed nearly in the 
ſame Plane, except that the ſecond from Jupiter 
does 2 little defect from it) inclin d to the Plane of 
7 188 5 r Jupiter's 
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Jupiter's Way about the Sun, the Eclipſes of theſe 
"Moon's are central and very laſting, when the 
Sun is in either Node of the Moons. But when 
the Sun is not in it, the Eclipſes may alſo be 
total, tho not central; becauſe the Shadow of 
Jupiter is almoſt ten times broader than any of 
the Satellites, and the apparent Diameter of 
each Moon is five times greater than the Sun's 
apparent Diameter. And this great Ine quality 
of the Diameters, and the ſmall Inclination of 
the Plane of the Orbit of the Satellites to the 
Plane of the Orbit of Jupiter about the Sun, is 
the cauſe why the Eclipſes, as well of the Moons 
as of the Sun, happen at every Revolution, 
tho the Sun is very far diſtant from the Nodes. 
And indeed the loweſt of them (tho' at the ſame 
time the Sun ſeen from Jupiter is moſt of all 
diſtant from the Nodes) will nevertheleſs fall in- 
to Jupiter's Shadow, and alſo, on the other 
hand, their Shadows will fall on Jupiter; but 
in that caſe the moſt remote Satellite, for the 
ſixth part of a Jovial Year, will miſs the Sha- 
dow when it is in Oppoſition with the Sun, and 
Jupiter alſo will not be any where darken d by 
its Shadow when in Conjunction with the Sun: 


But an Eye plac'd in Jupiter will in intermedi- 


ate Times and Places, ſee the Phænomena of 
—— Eclipſes. Moreover, an Eclipſe of the 
Moon is made here by a Moon, whoſe Phaſis is 
ſometimes quite different, nay, contrary to the 
before deſcrib'd Eclipſe of a Moon running into 
Jupicer's Shadow : For in this the Eaſtern Limb 
of the · Moon is firſt Eclips'd, and the Weſtern 
one does laſt emerge out of the Shadow); but, 
in ſome of them, firſt the whole Weſtern Limb 
isEclips'd, and the Eaſtern one does laft of all 
recover his Light, in others juſt the _— 
RR OL RAISE W T * 
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Io the Shadow of Jupiter is far extended be- 
yond its Satellites, it does not reach ſo far as 
any other Planet, which alſo is true of all the 
ather Primary Planets. For Saturn alone, even 
do it were infinite, cou'd be immers d in it; 
ut the Shadow of Jupiter cannot be extended 
o far as Saturn, 
don d be nearly half che Sun's Diameter; and 
+is ſcarce the ninch part of it. my 


unleſs Jupicer's Diameter 


If Jupiter's Surface has a great part cover'd 
vith a Fluid, and we ſuppoſe that Navigation 
u d be practis d on thoſe Seas; it wou'd be 
ery convenient, as well by reaſon of the very 
dort Nights, (and thoſe upon account of the 
umber of the Moons, ſcarce without a Moon, 
ud for the moſt part enlightened by ſeveral of 
tem, and thoſe very bright,) as becauſe by the 
kelp of the Moons the courſe may be directed. 
u alſo from ſo many Eclipſes the Longitude of 
Race will be eaſily defin'd, and accurate Hy- 
tographical Tables may be conſtructed; which 
very convenient in ſo vaſt a Globe, whoſe Sur- 
lice being an hundred times (nay, according to 
Eyes, four hundred times) bigger than the Sur- 
hee of the Earth, wou'd render its meaſure very 
kborious, But the reciprocal Tide ariſing from 
the four Moons (for the Sun's Forces are of no 
knſible effect for raiſing a Tide at this vaſt 
tance) is various and uncertain, except to 
dne who is us'd to Calculations. 


ProPos8ITION VI. 
T ſhew the chief Celeſtial Phanomena, which 
wou d appear to an Obſerver plac'd in Saturn. 
The Diameter of the Sun ſeen from Saturn 
b almoſt ten times leſs than the Earth, and his 
Piſc, Light and Heat at leaſt ninety on - 
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there than here. Saturn's Near is almoſt equal to 
thirty of our Years: But it is uncertain what 
proportion a Day in Saturn bears to our Day; 
for the Period of Satturn's Revolution about 
his Axis is not yet known. Hugens indeed; 
from the Diſtance and Period of his inmoſt Sa- 
tellite, and a Compariſon of them with the Di- 
ſtance and Period of the inmoſt of the Jovial 
Satellites, thinks it very likely that the Days are 
not longer there than in Jupiter. He is of that 


Opinion becauſe he looks upon it as an un- 5 
doubted Truth, that the Rotation of the Sun & 
and of a Primary Planet abouc its Axis is che 
cauſe of the Rotation of the Primary and Se- re 
condary Planets, (that indeed it is made to- 
wards the ſame parts is certain) or at leaft that; 
the Rotation of a central Body, and the PlanersMl ; 
about it depend upon the ſame cauſe ; therefore n 
converſly, having obſerved the Satellites rota- ;, 
ted about Saturn, he did not at all doubt but ;; 
that Saturn revolv'd about its Axis, and nearly Wl 4 
in the ſame time as Jupiter, becauſe the Periods WM 1, 
of the Satellites differ but very little. But if WY ©: 
we conſider that the cauſe of the Rotation of n 
the Primary Planets about the Sun, or of the n 
Satellites about a Primary is not any Vortex, MW ,, 
or any thing like it (on which Opinion the Wl f 


foreſaid Argument is grounded,)'but that the MW b 
Planets are carried by a Motion, compounded WW 2 
of a projectile Motion along a right line, and MW , 
of Gravity towards a central Body (about which MW | 
they are moved in a free fpace and almoſt void 
of Matter, and the Saturnian Satellites gravitate k 
after the ſame manner towards Saturn „Whether MW 
it revolves or is at reſt; it is plain, that from the . 
Revolution of the Satellites one cannot rightly WM \ 
fleduce the Rotation of Saturn about its Avis, ; 
* E : mue t 


Book VI. of AsTRONoMyY., 345 
much leſs the Period of that Rotation. It is 
true indeeed that it is probable that Saturn re- 
yolyes about his Axis, namely, that it may 
ſometimes turn one and ſometimes another part 
of its Surface to the Sun, which is the Foun- 
tain of Light and Heat in his Syſtem : But it 
ſeems impoſſible to gather from hence the Pe- 
nod of the Rotation, theſe things being 

the Allwiſe and Almighty Creator fitted to the 
nature of the things contained in Saturn, which 
b altogether unknown to us. If the Axis of 
daturn be perpendicular to the Plane of Saturn's 
Ring and of the Orbit of the Satellites (as Ha- 
zu will have it) then the Situation of the Poles 
and of the Equator is the ſame in Saturn as it 
z in the Earth; therefore the fame Polar Star 
will ſhine upon it, and the Conſtellations in ſi- 
nilar Latitudes riſe and fall after the ſame man- 
ner. And theſe things are thus if the Situation 
of the Ring be the ſame as Hugens has laid it 
down in the Syſtem of Saturn, which alſo we 
have ſuppos d in the Fourth Book, when we 
lpoke of its Phænomena: But, if it be by 
more accurate Obſervations, found to be diffe- 
rent, as he hints in his Theory of the World) 
any one may gather the Meaſures of the fore- 
ſaid Phænomena from what has been laid down 
before; The Days at Saturn are very unequal, 
and the differences of the Summer and Winter 
are very great, for they depend upon the Quan- 
tity of the Inclination of the Plane of his E- 
quator to the Plane of the Orbic of Saturn a- 
bout the Sun, which Hugens afterwards ſuppo- 
ſed of 31 Degrees, almoſt a third part greater 
than in the Earth, where thoſe Differences are 
dery ſenſible. At Saturn in the Latitude of 
59 Degrees the longeſt Day has no Night, nei- 
ther has the longeſt Night any Day. _ 

t 
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Earth. | 

Of All the Primary Planets, the Eye poſited 

in Saturn, will be able to ſee only Jupiter, al- 

ways accompanying the Sun, my never above 

37 Degrees diſtant from it. Reckoning thoſe 

two amongſt his own five Companions, a num- 

ber of ſeven Planets is made up to an Obſerver 
in Saturn, which he diſtinguiſhes into five Moons 
and two other Planets, as wou'd be done in Ju- 
piter by the foregoing Prop.) as well for the 
ſame reaſons as alſo upon this account, that the 
five neareſt are mov d in the ſame Plane inclin'd 
to the Plane of the Sun's apparent Way about 
Saturn in an Angle of 31 Degrees ; ſo that the 
Zodiac to Saturn is more than the third part of 
Heaven in Breadth, if the Deviation of all the 
Planets from the Sun's Way be comprehended 
in it. The Phaſes of theſe Moons are ſimilar 
to thoſe of the Jovial Moons ; except it be that 
in Summer and Winter, when the Sun declines 
very. much to the 1 8085 each Moon oppos d 
to the Sun does not ſhine with a full Orb, nei- 


ther is it quite dark when in Conjunction with 


the Sun. For in the middle of Summer or of 
Winter, a Moon in Conjunction with the Sun 
is as far diſtant from it as our Moon is two days 
or more before or after the New Moon, and in 
oppoſition of the Sun it is as far from that di- 
direct Oppoſition which makes a full Orb, as 
dur Moon is two Days before or after the Full 
Moon : Thoſe Moons therefore will then have 
the ſame Phaſes as our Moon has two 50 be 
fore or after the Syzygy Whence at thoſe Sea- 
ſons of the Year of Saturn there will be no E- 

. 
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ipſes of the Luminaries, But at the Equino- 
dual Times Saturn will never be without Eclip- 
ſes, and thoſe of all the kinds mention d in the 
foregoing Propoſitions. . 8 

Since the Year in Saturn is longer than that 
in Jupiter, there are alſo ſeveral ſorts of Months 
0 diſtinguiſh it into parts. Of the leaſt, there 
xe above 5700 in a Year, of thoſe immediately 
geater 3932, of the third Months above 2352, 


more than 674 of the fourth, and 135 of the 


reateſt. | -a4d | | 

An Inhabitant of Saturn will eaſily compare 
the Diſtances of his Moons with his own Mea- 
fares ; becauſe the Parallax of the fifth and laſt 
Moon'is greater than the Parallax of our Moon. 
Bit the Sun's Parallax does not exceed 9 Se- 
conds ; therefore it is inſenſible, in compariſon 
with the Sun's Parallax ſeen from the Earth. 

The Ring which encompaſles Saturn,of which 
ge ſpoke in the fourth Book, is a wonderful 
Mznomenon to an Eye in Saturn; for it is the 
mly thing of that kind which is ſeen from far, 
nd which has long ſince excited the the curio- 
ty of all Philoſgphers. This Ring gave occa- 
hon to the learned and ingenious Dr. Halley, 
when he enquir'd into the Cauſes of the Varia- 
tion of the declining magnetic Needle, to ſup- 
poſe the Globe of the Earth to be divided into 
Cruſts and concentrical Nucleus's (See Philoſo- 
ical Tranſactions, Ns: 195. ) after Kepler, who 
ad the ſame in the 4th Book, pag. 586 of his Epit. 
o the Copernican Aſtronomy, when from the mag- 
tetic Direction he inveſtigated the cauſes of che 
Incqualities of the Planets. What if this Rin 
u'd be the remaining part of an outwar 
Cruft, fallen on the Nucleus within it, and the 
Ruins of it (till to be ſeen? For if Saturn was 
ever 
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ever of the ſame Diameter, as now his Ring is, 
it was of the ſame Magnitude when ſeen from 5 


the Sun, as now Jupiter's apparent Diameter P 
ſeen from it. HO UICYS 92 
Since the outuw,ärd Edge of Saturns Ring Ie 
ſtands above Saturn, at an Height which is fout 


times and à half the Semidiameter of Saturn, ts 
it will not be viſible at 4 diſtance from Saturn's 
Egquator (in whoſe Plane it is) greater than 64 
Degrees: Therefore a Spectator having a great- un 
er Latitude will never ſee the Ring; and there 
is a Zone about each Pole, about 53 Degrees Wi 
broad, altogether depriv'd of the Sight of the 4 
Ring: And as the Eye goes nearer to Saturn's Wil; 
Pole the firſt Satellite is hid, then the ſecond, WM... 
and fo on, till the Eye at laſt being within one 
degree of the Pole, loſes ſight of the fifth alſo; F 
unleſs it be by Refraction ; neither will it in 
Winter ſee the Sun, any Moon, ot atry Planet, 
or any Celeſtial Body known to the Inhabitants 
of the Earth except the Fix d Stars, and perhaps 
ſome Comet. | 
The Eye in the very Equator of Saturn, or a 
Zone near it, will ſee no Staꝶ in the Equator 
or very.nearit; and therefore will never ſee any 
of the Moons, the Ring being in the Way: 
Therefore at the time of the Equinox, one 
that lives under the Equator will not ſee the 
Sun, and one that lives in another place will 
not ſee the Ring, becauſe in that caſe no Face 
of the Ring is ſhin'd upon. How broad that 
Zone is, is a difficult thing to determine, b 
Obſervations made from the Earth, becauſe 
the thickneſs of the Ring is ſmall ; Hugens ſup- 
poſes it to be of 600 German Miles. It will be 
eaſy to determine it accurately from the Sur- 


face of Saturn, becauſe it is rais'd a little _ 
: | than 
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than a Semidiameter above it. If the Eye be ſup- 


m heren which contains Stars cover'd by the 
er ig will be of different Magnitude and Fi- 
ure, according to the different Situation of 
8 de Eye. r e I 18 00 
During half a Saturnian Year, one Face of 


5 I 


ur 
5 he Ring is enlighten'd by the Sun; whence it 
1 


uppens that thoſe who inhabit the Hemiſphere 
Wards which it is turn'd, that is, who have 
wnmer, ſee that part of the Ring which is a- 
e the Horizon; ſhining with a faint Light 
y Day (much ſuch as we ſee the Moon ſhine 
ih when the Sun alſo ſhines at the ſame time) 
Saturn has an Atmoſphere, and that poſited 
wards that part where the Pole is depreſs d; 
Mis Light is ſtronger by Night, as alſo that 
four Moon in the Sun's abſence: And from 


& Spots may be found whether it is at reſt or 
a pores, and if it moves the Velocity of its Mo- 


in, After the Sun is ſet, the Eaſtern part o 
bs lucid Arch has a Shadow (namely, the Sha- 
by of Saturn) caſt upon it, which, as the 
igt comes on, riſes by degrees till in the mid- 
of the Night it is got to its upper part or 
ſetex, from whence it moves by degrees to- 
zds the Weſtern part, as the Sun tends to its 
ung. This Arch will always ſhew the Meri- 
lan Line, for a Plane rais d upon the Horizon, 
wing thro* the Vertex of the Arch is in the 
Mendian. If the diſtance of the, Eye from 


— he Equator be leſs than 52 Degrees it will ſee 
uſe ie Arch of the Ring as much concave as con- 
up- like an Arch in a Building, riſing on each 


be ie from the Horizon; below which, namely, 
between the lucid Arch and the Horizon, he 
vill fee the Heaven and the Stars. But if the 


ws d plac'd-out of the Equator, the ſpace of the 
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Eye is farther diſtant than 52 Degrees, but leſ; 
than 64, it will not at all ſee the concave part 
but a lucid Body riſing as it were from the 
Ground, and contiguous to the Horizon, like 
the Morning Twilight. bot | 

During the other half of Saturn's Year, 
namely, hen the Sun declines from the Equz 
tor towards the inviſible Pole, 'that is, in Win- 
ter time, the Eye will not at all fee the Rin 
becauſe it is not enlighten'd on that fide whic 
is towards the Eye; but the Ring will cove 
from the Eye part of Heaven, and the celeſtia 
Bodies contained in it, as has been ſaid before 
and ſo by that means it will become ſenſible 
But the Shadow'of the Ring becomes more ani 
more extended towards the Pole, ſo that th 
Eye being placd any where within the foreſail 
ſpace, the Sun, when it has attain'd a certai 
Declination, will appear to be cover'd and e 
clips d at Noon, and then immediately a 
gain it will become viſible. The next Day th 
{ame thing happens again, but the Eclipſe be 
gins ſooner and ends later; and this Darknef 
in the middle of the Day will daily encreaſe i 
duration, (or perhaps come to laſt a whol 
Day) till the middle of Winter, from whic 
time they will again begin to decreaſe till at la 
they are quite gone (or do not happen at all i 
the Day time) when the Sun returning fro 
the Tropic is come back to the ſame degree 0 
Declination, which it was in when the fore 
mention d Darkneſs began to appear. And thi 
will be ſo if the Eye be in a greater Latitude 
than 25 or 26 Degrees: But if the Spectator i 
in a leſſer Latitude, when the Meridian Dark 
neſs is the moſt laſting, the Sun will ſuddenly 
appear juſt at Noon, and then ä 


3 
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ppear again, and the next Day there will 


art, be ſuch an appearance of Light, but 
the ing more laſting; and ſo on, the Meri. 
like I dan Light becoming daily more and more laſt- 

| ag till the middle of the Winter: And then a- 
ear, Wl ain by degrees it will become of leſs and leſs 
ua- 


ntinuance, till it wholly vaniſhes, when the 
wn is return'd from the Winter Tropic to a de- 
ation equal to that at which the Mid-Day- 
light began firſt to appear; at which time, on 
te ſudden the longeſt Meridian Darkneſs will 
pin begin, and laſt a ſhorter and ſhorter time, 
5 the Sun comes towards the Equator. And 
ence it follows, |that there is a much greater 
tiference between Summer and Winter on Sa- 
uns Globe than on the Earth, as well upon 
xcount of the duration of each, and the Sun's 
meat declination from the Equator, as upon 
Kount of the Meridian Darkneſs in Winter by 
on of the interpoſition of the Ring which 


__ — PRoPostTION VII. 
To deſcribe the Phanomena when the Eye is ſup- 
pos d in one of the Comets. 

Ve refer the Comets to the Primary Planets, 
Kauſe it is in the Excentricity of their Orbits 
lat they chiefly differ from them. An Eye 
ned in a Comet will find itſelf encompaſs d 
vi a very great and denſe Atmoſphere, which 
Ucreaſes in its deſcent from the Aphelion, e- 

ally when it is immers'd in the Region of 
is leſſer Planets. This Atmoſphere is ſo trou- 


Jauk el and thick that towards its bottom it is al- 
Jen! Moſt like a Chaos. It is not known whether a 
ate! Comet revolves abous itſelf, but it is probable 


that, like all the other great Bodies of the 
FR Pbbba World, 
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World, it turns all its Faces towards the Sun, that 
a plentiful Vapour may be rais d from it. But 
whether this Rotation is about a given Axis, is dif- 
ficult to determine. If the Nucleus be turn d a- 
bout, the whole Atmoſphere (eſpecially that 
part of it which is extended towards the Regi- 
ons oppoſite to the Sun) does not revolve along 
wich it, as the Atmoſphere of the Earth does: 
But that Vapour, which going out of the CF. 
met makes the Tail, is not fo much to be look d 
upon as the Atmoſphere of the Comet join'd 
with it (as the denſer Atmoſphere of the Earth 
is join d with it) and making part of it; as a 
ſeparate Body, all the parts of which perform 
„ A in a free Space, like the Comet 
it ſelf. * e | 

As the Way of every Comet about the Sun 
is 2 very excentrical Ellipſe, it is not likely that 
they are made to ſerve the ſame purpoſes in the 
Univerſe as Planets, which are carried in Orbit: 
nearly concentric to the Sun, and which feem 
deſign'd for the Production of Things which are 
almoſt always to remain in the ſame State; 
which Comets are by no means fit for, by rea 
ſon of the very different Degrees of that which 
they ſuſtain. If therefore we may give way ta 
conjecture, it is to be believ'd that the Comets 
ſerve for the renewing of the/Fluid of the Sun 
and Planets. For fince the Sun continual] 
loſes a great deal of its Fluid, ſent out under 
the Form of Light; and the Fluid of the Pla 
nets is daily chang'd into folid (ſcarce becoming 
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fo 


Fluid again) as we ſee it yearly happen in ou 

Earth; it is plain either that the Sun's Forces wil pr 
by degrees be loſt, and the Fluid of the Planet th. 
be conſum'd (which is very unlikely) or elſe F 
that they are to be renew d at ſtated Times. But # 
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there is no way that ſeems ſo fit for it, as to 
look upon Comets (which paſs thro' vaſt Spaces 
inthe Ether) to be ſmall Bodies which are de- 

d in time to come ro make Light, projected 
tro thoſe Spaces, and as it were ſcatter'd and 
oft in them, which likewiſe by attraction (a 
Quality natural and belonging to all Bodies) 
draw to themſelves, and as it were treaſure up 
the moiſt Vapours ; that having rais'd 'em up 
in Tails they may mix them with the Atmo- 
ſpheres of Planets) which was alſo the Opinion 
of Hippocrates of Chios, taken notice of by Ari- 
fule, in the Firſ# Book of Meteors, Chap. 6.) and 
themſelves renew the Sun, the Fountain of 
light, by falling into it. Hence will the Pri- 
mary Planets be augmented; whence the Satel- 
ltes Orbit (that is, if ſuch a Planet has a Sa- 
elite) and Period will be contracted ; of which 
Phenomenon we ſpoke above in in its place; 
and other things will happen, which we men- 
ton d when we ſpoke of Comets in the fore- 
going Book. | -.. mil Wolz; 

There may alſo ſometimes be another effect 
r uſe of a Comet. Namely, if a Comet paſ- 
ſs near a Planet (its Orbit and Motion carry- 
ing it that way) it will ſo attract it that its Or- 
bit will be chang'd (the Comet's Orbit being 
alſo chang d by the mutual Action; ) whence the 
Planet's Period will alſo be chang d. But the 
Comet may alſo by its attraction fo diſturb the 
Satellite as to make it leave its Primary, and it- 
ſelf become a Primary, Planet about the Sun, 
and contigually move round it. Beſides it may 
produce much greater Changes in the Globe of 
the Planet it ſelf, not only by attracting the 
Fluid, if it has any, but alſo by other Qualities, 
& if, for Example, ſo vaſt a Body goes from 
* B bbb 3 the 
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the Sun's Neighbourhood, and being red hot 
is carried near our Earth. But we have ſaid 
enough of this matter, eſpecially ſince it does 
not belong to our preſent Purpoſe. 

The Years of Comets are different, according 
to the magnitude of the greater Axes of the Or- 
bits which they deſcribe about the Sun ; name- 
ly, (by the 40rh and 424 Propoſitions of the firſt 
Book) the Lear of each comet is to our Lear ina 
ſeſquiplicate ratio of the greater Axis of the Or- 
bit of the Comet to twice the mean Diſtance of 
the Sun from the Earth. The Sun's apparem 
Diameter, his Diſc, and alſo his Light and 
Heat, as well as the apparent Magnitude of the 
Planets, will be very much chang d in a Comet. 
Beſides, the Obſetver in a Comet will find the 


motions of the Planets to be very different : 
accordingly when immers'd in their Regions, 


he has them ſometimes all Superior to him, 
ſometimes ſome Inferior and fome Superior ; 
or being rais'd out of thoſe Region he ſees all 
the Planets below him ; all which things may, 
from what has been ſald before, be defin'd in 
a Comet whoſe Orbit is given. As for Exam- 
le: If a Comet in its Aphelium aſcends to 4 
Diſtance from the Sun fix times greater than 


the Diftance of Saturn, which will happen, if 


the Period of the Comet be equal to about 150 
of our Years (ſuppoſing that in the Perihelium 
it comes extreamly near, as it happens in ſome 
of them) then all the Planets upon account of 
their nearnefs to the Sun, will then become in- 
viſible to an Eye plac'd in a Comet; for Saturn 
himſelf will ſcarce be 10 Degrees diſtant from 
the Sun, and the Sun's Diamerer will be equal 
to half a Minute. But to an Eye in a Comet 
Whoſe Period is much greater, the Planets are 


S. FSA WD 


| 
ett 
bet 
the 
me 
ſti 
Bu 


FN 


bw 
—_ 


Book VI. of A8TRONOMY. 8535 


jutiſible all the while that the Comet is in the 


upper Part of its Orbit, which is for the greateſt 
part of its Vear; for the Velocity. of the Comet 
wwards the Aphelium is very ſmall in reſpect 
of that which it has when it is at, or near, the 
perihelium. If che Period of the Comet be too 
great ; that is, if the Diſtance of the Comet 
fom the Sun in its Aphelium does often con- 
ain the diftance'of Saturn, perhaps the Order 
of the Fix d Stars ſeen from fuch a Comet will 
te very different in different Places of its Jour- 
ey: But yet I hardly think this difference to 
be very ſenſible, but rather that the Orbits even 
of the outermoſt Comets are very ſmall when 
compar'd to'the-:diſtance of the Sun from the 
Fixd Stars. COROLLARET 82" © 

Hence it appears, that the Syſtem of the Cir- 
eumſolar Planets ſeen from a Fix'd Star wou'd 
become almoſt inviſible, and confounded with 
the Sun in the fame Lucid Point, whoſe Dia- 
neter wou'd become inſenſible, if it be ſeen di- 
ſinctly, and free from that Hairineſs or thoſe 
Rays which the Fix d Stars appear to have to the 
mked Eye. For ſince all the Planets cannot 
be ſeen from a Comet in its Aphelium, by rea- 
ſon of their nearneſs to the Sun; how much 
more wou'd they become inviſible from fo great 
2 diſtance as that of the Fix'd Stars? For ſup- 
poling the Parallax of the Magnus Orbis (or the 
demidiameter of the Magnus Orbis ſeen from a 
fixd Star) to be equal to the Parallax of the 
dun ſeen from the Earth (neither have we any 
Obſervations which ſhew it to be greater) the 
dun's Diameter will at a Fix'd Star ſcarce ſub- 
tend an Angle of fivethird Minutes, and Saturn 
will never be above above two firſt Minutes 
from the Sun. Beſides the Light which the Pla- 
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nets borrow by reflecting the Sun's Rays will be 
altogether unable to affect ſuch a Sight as ours 
ati that immenſe diſtance; and tho it were 
ſtrong enough to affect it, the Sun's Species 
wou'd appear to extend itſelf. into a Semidia- 
meter equal to that of the Syſtem, as it happens 
to all lucid Bodies, and eſpecially: to the ix d 
Stars ſeen froni the. Earth; hence they wou d 
all, as it were, fall in. with the lucid Body. There- 
fore, on the othen hand; the Planets, which re- 
valye about ſuchiSuns.(namely: the Fir d Stars) 
do altogether: eſcape our Sight. There is no 
doubt, but that, to an Eye plac d in any Fix'd 
Star, or Planet revolving about it; the Order of 
the other Fix d Stars and the Figures of the 
Conſtellations; wow'd: be quite different from 
thoſe: thãt We ſee ; eſpecially ſince our Sun 
wou'd in tliat cafe appear as one of the Fix'd 
Stars. i:2{:nolnod Ber ini lot 
No this immenſe Diſtance of the Fix d Stars 
or Suns from each other, hinders thoſe vaſt Bodies, 
and the Planets( ver ſmallif compar d with them) 
whichare carried about thoſe Suns from ſenſibly 
exerting their lattractive Forces on each other, 
and diſturbing each others motions. The indefinite 
number of thoſe Syſtems, included in no Space, 
is the reaſon why they don't run into one, but 
being ſeparated from one another, will for ever 
ſtand in the Univerſe as marks of the Power 
and Wiſdom of their Almighty Creator. 


; F LEST 205 143 RODS at f 
Prorostriox VIII. 
Ho deſcribe the chief Pbænomena of the Fix d 
1 Stars, M tbe Sun, and of all the: Planets, ex- 
cept the Earth, an they wod'd-appear to an Eye in the 
Than A 101 ow3 ode ownde by yo ogt 19 
> Since the Maom (as was ſaid in Zrop 56. B. 4. 
Holley jr Nv > 4 cr turns 
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turns round itſelf from from Weſt to Eaſt, about 
an Axis nearly perpendicular to the Plane of 
the Ecliptic and always parallel to itſelf, equal- 
and in the ſame time that the Moon revolves 
about the Earth, that is, in a Periodical Month; 
it is plain that to an Eye plac'd in its Surface, 
he Sun, the Fix d Stars, and all the other things 
which are joyn'd to the Moon (that is all the 
Planets except the Earth) will ſeem nearly to fe- 
yolve on the Poles of the Ecliptic from Eaſt to 
Weſt. And thoſe Poles are remarkable by Fix'd 
dars; for the Northern one has à Star of the 
fourth Magnitude after the third Flexure of the 
Dragon, about 3 Degrees diſtant from the Pole; 
and the Southern Pole has near it four Stars of 
the Fiſn Xipbias, one of which is nearer the Pole 
tian our Arctic Polar Star, but yet more re- 
mickable by a Nebulous Star-flear it. And then 
alſo; as it happens with us, the Stars are all 
carried at the ſame time by tlie common mo- 
tion, except that their Proper motions (whe- 
ther true or apparent) do a little alter the caſe. 
And firſt, tile Sun's apparent Revolution about 
he Moon, which is at reſt, as to ſenſe, is per- 
ſorm' d in à longer time, becauſe the Moon is 
the ſame time together with the Earth, car- 
ned about the Sun in conſequentia; lo that the 
Moon's natural Day is of the ſame duration as 
our Synodical Month, which almoſt exceeds by 
by two and a half of our Days, the before de- 
ſerib'd Revolution of the ſaid Lunar Meridian 
in reſpe& to the ſame Fix d Star. Whence to 
an Obſerver in the Moon the Sun only riſes 
twelve times in a Year, but the Fix'd Stars thir- 
teen times; or more accurately,in nineteenYears 
the Sun riſes two hundred and thirty five times 
but the Fix'd Stars two hundred and fifty four 
Ni : = 1 times: 
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times: And the rifing Sun is almoſt a whole Sign 
farwarder than before. 

This natural Day of the Inhabitants of the 
Moon, is equally divided into Light and 
Darkneſs, becauſe: the Axis about which 
the Moon revolves is almoſt perpendicular 
to the plane of the Moon's Way about the 
Sun; and therefore there is no Twilight at the 
Moon before the Sun's riſing, or after its fet- 
ting; becauſe ſuch a thing can't happen unleſ 
there was an Atmoſphere about the Moon, (as 
has been ſhewn in the 8th Prop. of the 24 Rok.) 
Whenceto the Moon's Inhabitants the Sun ſeems 
to move in a Circle between the Poles of the 
firſt Motion , | 

Altho' the Suns Way, ſeen fram the Moon ag 
mong the Fix d Stars, be nearly the fame as its 

ay ſeen from the Earth, and the Places of the 
Planets are nearly the ſame ſeen from the Moon 
as from the Earth; yet when the Moon is not 
in the Nodes, a nice Obſerver will ſęe the Sun 
deviate from the Ecliptic toward; the contrary 
ſide, and extend its Light beyond the Pole of 
the Moon, which is under that toward which 
it declines, leaving the other Pole in Darkneſs. 
But all theſe things are ſet right again in half a 
Lunar Day, when the Moon returns to its 
Node and the Plane of the Ecliptic, in order to 
5 to the other ſide of the Eeliptic, and to under 


8 


o the ſame Phænomena towards the other Pole 
tor the remaining part of the Day. 
Beſides all the inequalities in the Planets Mo- 
tions ſeen from the Earth, which muſt obtain 
in the Moon as well as the Earth, becauſe it is 
carried along with it; there are others peculiar 
to the Moon, the chief of which are theſe. 
When it is day to the Inhabitants of the middle 
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of that Hemiſphere of the Moon which is turn'd 
ro the Earth, the Sun appears to go ſlowly 
under the Fix d Stars; and very ſlowly at the 

nt of Noon; but the next day it will be found 
have gone faſter under the Fix d Stars in the 
light time. And on the contrary to an Obſer- 
u in the middle of that Hemiſphere of the 
Moor Which is toward the Earth, the Sun will 
yprar by Day to move ſwiftly under the Fix d 
Ws towards the Eaſt, and very ſwift at Noon: 
tut at Night the Sun goes very ſlowly under 
deFix'd Stars, ard ſloweſt of all at Midnight. 
The fame things are alſo true of Venus and Mer- 
ay, becauſe they are always near the Sun 
nd alſo of Mars when it is in conjunction with 
heSun, tho' thoſe things are leſs remarkable 


hen, upon account of its great Diſtance 
om the Moon at that time; but they are 


* WM acbie in Jupiter and Saturn when cheir 
+ odon is toward the Sun, If any one of the 
Wh ipttior Planets ſeen from the Moon be in op- 
/ whtion to the Sun, in which caſe it is retro- 
ic Wl grade, it will appear to an Inhabitant in the 
1 WH middle of the Hemiſphere turn'd from the 


larth, to be more retrograde than ordinary by 
Night, but leſs by Day; and leaſt of all, ormoſt 
of all juſt at Noon or juſt at Midnight. So 
o WH wile an Obſerver living in that part of the 
.» WH Noon which the Earth ſeems to hang over, will 
lc lea Planet in oppoſition to the Sun to be tho 
eat retrograde of all at Midnight, and moſt of 
». WJ lat Noon. And theſe things in Mars are twice 
in Wl "ore ſenſible than in the Sun: Bur in Jupiter 
ic ad Saturn theſe Differences almoſt vaniſh. 
ar Wl Likewiſe, if any Planet which from the Earth 
(-, Wl appears ftationary, appears to be in oppoſition 
le WM jo the Earth in reſpect to the Moon, it will be 
— 8 ö r 
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ignorant of the motion of his Habitation, and al- 
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trograde; but direct when in conjunction with 
the Earth, which will be very ſenſible in Ve. 
nus. | | 

An Aſtronomer plac'd inthe Moon, and igno- 


rant of the motion of its Habitation about the 


Earth, or the motion of the Earth about the dun, 
for making good the Theory of every Planer, 
will to all the Epicycles invented by a Terre- 
ſtrial Aſtronomer ſuperadd a new Epicycle, or 
Epicyclo-Epicycle, to explain the abovemen- 
tion'd inequalities. As for Example : To the Ex- 
centric of the Sun deſcrib'd about the Earth 
made uſe of by an Inhabitant of the Earth, (for 
an Inhabitant of the Earth that admits an Ex- 
centric, does not want an Epicycle for explain- 
ing the Sun's motion) will add over and above 
an Epicycle, and will ſuppoſe that the Sun is 
carried round in it in the ſpace of one of the 
Lunar Days, whilſt at the ſame time the center 
of the Epicycle is carried in the Excentric by 
the Annual Motion : Thus will the Suns diur- 
nal Inequality obſerv'd by a Lunar Aſtronomer 
be explain d, if whilſt it is Night with the Lu- 
nar Inhabitant which is directly under the Earth, 
he ſuppoſes the Sun to be in the lower prrt of 


the Epicycle, and in the upper part of it whillt 


it is Day with him. So alſo to the excentric 
of Mars about the Earth and its Epicycle con- 
trivd by a Terreſtrial Aſtronomer, by which 
the motion of Mars ſeen from the Earth (ſup- 
pos'd at reſt) is explain'd, he will ſuperadd a- 
nother Epicycle carried in the circumference of 
the firſt, which Mars will be imagin'd to go 


thro! in the ſpace of a Nychrhemeron or Natural 


Day. And this is the only way that our Lunar 
Aſtronomer can ſettle his Aſtronomy, if he be 
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ſetts ĩt is at reſt:Namely by transferring the Circle 
which is really deſcrib'd by himſelf and his Ha- 
bitation in the Heavens, and ſuppoſing the Mo- 
ton to be made in it in the ſame time and in an 
nverced Order; and retaining its true Magni- 
tude, if the true Diſtance is known; but if it 
z not (and there are no means to find it out in 
that ſuppoſition of the Moon at reſt) at leaſt 
the Epicycle is ſuppos d of ſuch a Magnitude, 
that it may from the Obſerver's Place appear of 
the fame Magnitude as the true Orbit of the 
fid Place wou'd appear at the ſame diſtance. 
the Inhabicant of the Moon's Hemiſphere 
which the Earth hangs over, be fuppos'd to 
know the motion of his Habitation about the 
Farth, and of the Earth about the Sun, and ca- 
pable of making Obſervations as accurately as 
e make them on Earth; he will be able ex- 
ztly enough to compare the Magnitudes and 
Diſtances of the Sun and the Planets of the Solar 
Syſtem with ſuch Magnitudes and Diftances as 
are familiar to him. For he may meaſure the 
Diameter of his Habitation after the ſame man- 
ner as we do that of our Earth. Moreover, he 
will eafily compare the Diftance of the Earth 
with the Moon's Diameter ; for the Moon's Di- 
meter ſubtends an Angle ſenſible enough at the 
Farth, namely an Angle of half a Degree: And 
he will make uſe of the Diameter of his Orbit 
%a Scale to find the Diſtances of the other 
Bodies of the World. For that ſubtends jan 
Angle at the Sun of the third · part of a Degree, 
ſuppoſing that the Sun's Parallax ſeen from the 
Earth is only 10” ; but ariſes to almoſt half a 
Degree at Mars when it is in oppoſition with 
the Sun, and at Venus in conjunction with the 


dnn, and retrograde exceeds a fifth and a 27 
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362 The ELEMENTS. Book VI. 
of a Degree. Moreover, an Inhabitant of the 
Moon will after the ſame manner ſind out the 
Ratios between the Diſtances of the Primary 
Planets from the Sun, as an Inhabitant of the 
Earth, does; but knowing the Diſtances, he will 
eaſily ſind their Magnitudes from their apparent 
Diameters. | x. 


PrOPOSITLION IX. 


T O deſcribe the chief Phenomena in the Earth 
ſeen by an eye in the Moon. 
There are in the Moon two Hemiſpheres al. 
together different, nay, even contrary, in re. 
pe& of the Phænomena, of which we are to 
k in this Propoſition. For they conſtantly 
ſee the Earth in one Hemiſphere of the Moon, 
and never in the other; unleſs that near the Li- 
mits of them there is a Tra& to whoſe Inha« 
bitants the Earth ſometimes riſes a little above 
the Horizon, and ſometimes going back as it 
were ſubſides again under it. In the Hemiſphere 
from which the Earth is ſeen, it appears as it 
were nail'd up, in the ſame point of the Heavens 
(except that it appears to move from thence a lit- 
tle towards one ſide or the t other, and then to 
return by a libratory Motion) whilſt, in the mean 
time, in the ſpace of a Natural Day, the Sun 
and the other Celeſtial Bodies move towards it 
from the Eaſt, to go afterwards from it towards 
the Weſt. And a Star coming to the. Earth 
hanging in the Fther, is not extinguiſh'd ſud- 
denly, but by lietle and little is firſt cover d 
with a Miſt and atlaſt getting behind the Earth, 
ceaſes to be ſeen by a Lunar Obſerver; which 
is Occaſion d by the Atmoſphere about the Earth, 
dy which the Rays going from a Star to the Eye 
are almoſt choak d up. Moreover, to ſome * 
the 
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he Inhabitants of the ſaid Lunar Hemiſphere, 
the Earth appears continually to be fix d directly 
over their Heads; and that is to ſuch of them 
x live in the very middle of the ſaid Hemi- 
te: But to ſome of them it appears to de- 
ine towards the North, to others towards the 
Suth, to ſome towards the Eaſt, and to others 
wards the Weſt, more or lefs, according as 
heir Habitation is nearer to or farther from the 
ſd middte or ſome ſide or other of it; till at 
kf, to the Inhabitants of the foreſaid Limits 
which divide the Moon's two Hemiſpheres, the 
Farth will appear to be in the Horizon, one 
talf of it ſtanding up like a Flaming Moun- 
ain; But they that dwell in a Circle of the 
Moon, which goes thro' the middle of the ſaid 
Hemiſphere and the Poles, have always the 
Earth in the Meridian. 

They that obſerve the Earth ſee its Orb fifteen 
times greater than we ſee the Moon, at reſt in 
its place, but all the while turning about its 
Axis, and appearing to carry its Spots (which 
they will in a rude manner diſtribute into ſome 
Figures, after the manner that the common 
People ſuppoſe a thing like a Man's Face in the 
Orb of the Moon) from Eaſt to Weſt, and then 
return to its firſt Situation, in about the twenty- 
math part of a lunar Natural Day. Kepler from 
that Rotation of it ſuppoſes, in his Lunar Aſtronomy, 
that the Lunar Aſtronomers call the Earth Vlva, 
(Whirler) and the Moon ſuppos'd fix d Veſta, as 
never to be mov d from its Place, and that they 
look upon our Globe, which they ſee hanging 
in the Ether, as a Celeſtial Body, which there- 
fore they muſt not call by the Name of Earth: 
Therefore he calls the Inhabitants of that He- 
miſphere under this Vokvs, Snbvolv& and Sub wol- 

vani. 
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dani, and the others which are depriv'd of the 
ſight of it, Privolvæ; which Names I ſhall al: 
ſo make uſe of hereafter. Beſides the ſaid Re- 
volution of the Yolva, there is alſo as it were 
another nodding Motion of it, by which ſome- 
times it ſhews the Lunarians its Northern, and 
ſometimes its Southetn Pole, and that in che 
ſpace of one Day. For when by the Firſt Mo- 
tion, or Motion of the Primum Mobile, Sagitta- 
riuss Bow comes towards the Volva, the Luna- 
rians (eſpecially thoſe which are at the North) 
will ſee the Northern Pole of the Volva, andthe 
Spots and brighter parts about it, which for 
ſome Revolutions of the Volva will not retire 
behind it, when at the fame time thoſe that are 
about the Southern Pole do not offer themſelves 
to ſight : After half a Nychthemeron is Over, and 
that Caſtor is come to the Volva, the Northern 
Spots of the Volva will be hid; and the Southern 
ones will come in view. a JE | 
The Lunarians ſee this Volva encreaſe or de- 
creaſe in the ſame manner, with the ſame Pha- 
ſes, and for the ſame reaſons as our Moon; but 
the ſame Period of Phaſes which we call a 
Month, they call a Natural Day. They that 
ſee the Volva in their Meridian have the News 
Volva or New-Earth at Noon, the Firſt Quarter 
at Night, the Full-Yolva at Midnight, and the 
laſt Quarter in the Morning. They that dwell 
under any other Meridian at a diſtance from 
the foreſaid Meridian (which is the principal 
one, and, upon account of its Situation, may 
according to Kepler, be ſuppos'd to be calld, 
Circulus Medi volvanus, by the Lunarians) towards 
the Eaſt or Weſt, have the Moment of each 
Phaſis at a different Hour according to the di- 
ſtance of their Meridian from the Medivolvan 
Circle, 
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Circle, and the number of Hours into which 
divide their Day; therefore the Phaſes of 
theFolve denote the Hours, which alſo is done 
bythe diſtance of the Sun from the Volva ob- 
rd by Day. Whence the Volva ſerves for a 
Dial to all the Subwolvayi : For by the diverſity 
its Phaſes, by the approach of the Sun or 
fixd Stars towards it, by the name of the Pole 
har it ſhews, and laſtly, by the ſwift Motion 
of the Spots ; (for the remarkable parts of the 
ſilva, our Mountains, Lakes, Iflands, Seas, 
pr, even tho they are not immediately ſhin'd 
won by the Sun, become viſible, eſpecially be- 
ore and after the New-Volva, as the Moon's 
farts to us before and after the New-Moon, 
bo, ceteris paribus, not ſo diſtinaly, becauſe the 
Moon being a leſs Body, mult reflect leſs Light 
bthe Earth, than the Earth, which is a greater 
Jody, does to the Moon ;) it divides the Day 
ad Night (which are indeed very long) into a 
ficient number of parts. This Yolva allo 
bes ſhew the parts of the Year diſtinctly e- 
in the following manner: Since in Sum- 
time to the Inhabitants of Europe the Arctic 
ale points towards the Sun, and the whole 
atic frozen Zone is enlighten'd by the Sun 
ir ſeveral Days, and that our Earth is the Vol- 
wot the Lunarians, whoſe Arctic Pole, and a 
pet Region about it, is enlighten'd during 
me part of every Nychthemeron ; it is plain that 
wen a great Region of the Volva lying about 
bArgicPole appears enlighten d to a Lunarian, 
be Sun will be ſeen from the Moon at the 
Lonſtellation of Gemini, and that will be the 
ine of the Year which an Inhabitant of the 
Northern Hemiſphere of the Earth calls Sum- 
der, and in that caſe the Lunarians will clearly 
4: C c ſee 
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866 The ELEKERN TS Book VI. 
ſee the dry Land and Seas about the North Pole: 
which are yet undiſcover'd by us. After 3 
quarter of a Year our Lunar Obſerver will ſee 
the Light terminated at each Pole of the Voboa 
a quarter of a Year. after that, he will fee the 
Regions about the South Pole of the Earth, 
which are altogether unknown to us, enligh- 
ten'd by the Sun; and after another Quarter the 
Light will again reach each Pole. He will alſc 
diſtinguiſh the Seaſons of the Year according 
to the different brightneſs of Scandinavia and 
Scythia, for example, as being greater, egterii 
paribus, in Winter, when it is cover'd with Snow 
than in Summer: And this difference of Bright 
neſs will be more viſible in that Sea which i 
near the Pole of the Yolva; becauſe in our Sum 
mer it looks like a Spot, and in Winter it is 
bright as the moſt ſhining parts. 

7 he Lunarians have Eclipſes of the Sun ant 
of the Volva, as the Inhabitants of the Eart 
ſee Eclipſes of the Sun and Moon, and at th 
ſame time, but with ſome difference. For as ti 
us an Eclipſe of the Moon happens at the ti 
of the Full- Moon, fo to them an Eclipſe of th 
Volva happens at the time of the Full- Volva 
and as the Sun appears to us to be in an Eclipf 
at the time of the New-Moon, it appears ſo ti 
them at the time of the New-Volva: But the 
to the Inhabitants of the Earth the whole Moo ince 
appears Eclips'd, the Lunarians never have a to Inha 
tal Eclipſe of the Volva; for they ſee a certail fie } 
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reddiſh Spot paſs from Eaſt to Weſt over th ting 


Diſc of the Yolva, making more haſte than ii lun 
native Spots, and ſometimes going over th bat 
Center of the Diſc, when it is four Hours in ge be 
ing over; oftner beſids it, when the appearancWll bew 
C 077 IEEE 7 who 
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Their ſolar Eelipſe is caus'd by the Vol, 
ſt a5 our ſolar Eclipſe is by the Moon; ani 
when we have an Eclipſe of the Moon, the 
Syn is totally Eclips'd to the Lunarians that in- 
Abit the darken'd part of the Moon: But it 
ten happens that an Inhabitant of the Moon 
eſpecially one that dwells near the Limits of the 
vou and Pri volvæ) ſees à partial Eclipſe of 
de Sun, when the Moon appears to us with 
fall Orb, the Earth's Penumbra not ſenſibly 
atinguiſhing the Moon's Light. And it like- 
viſe happens, that to a certain Tract of the 
Earth the Sun appears to ſuffer a partial Eclipſe, 
when at the ſame time a Lunarian does not per- 
tive the Volva to be Eclips'd at all: But when 
ye have a total Eclipſe of the Moon, the Sun is 
Wholly Eclips'd to all the Lunarians. Since the 
Dimeter of the Volva is four times greater than 
tt Sun's. Diameter, the Sun will be fully hidden 
ly the Velva, and that for a long time, which 
unnot happen to us by the interpoſition of the 
Moon; nay, the Sun's Eclipſe may be total 
blaſting when it is not Central. The Inha- 
liant of the Lunar Hemiſphere, over which 
teYolve hangs, ſees frequenter Eclipſes of the 
laminaries than the Inhabitants of 4 given He- 
miſphere of our Earth; for the Sabvolvaus a+ 
ine ſee all the Eclipſes, the Privolvans none, 
lace. 4 great part of the Eclipſes ſeen by the 
Inkabitatits of the Earth, belong to the oppo- 
ite Hemiſphere. The before-deſcrib'd total E- 
tipſe of the Sun, tho' ir happens often to the 
Lunarians; cannot but be very remarkable; for 
at is the only time that the Subvolvans are al- 
beether depriv'd of Light: For it has been 
hewh before; that the Medivolvans, or thoſe 
who are in that part of the Moon which is 
krectly under che Earth, have the firſt Quar- 
1 * 
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868 The BLEMENTS: Book VI. 
ter of the Volva at Sun-ſet, and the liſt Quar- 
ter at Sun- riſe; whence the Volva ſhining all 
Night is to them fifteen times greater than 
our Moon, and powerfully diſpels the Dark- 
neſs. But in the total Eclipſe of the Sun, both 
the Sun and the Volva are extinguiſh'd at the 
ſame time, and all is dark. But this Inconve- 
niency has. its Remedies; for the Sun's Rays, 
being refracted by the Atmoſphere which is a- 
bout the Volva, make the Body of the Sun ap- 
pear enlarg'd, and as it were of a greater Dia- 
meter, but at the edges, (which only. are ſeen) 
of an Iron-colour, to thoſe Inhabitants of the 
Moon, which receive thoſe refracted Rays; for 
which reaſon there is hardly a total Darkneſs, 
except when the Sun's Eclipſe is nearly central, 
and that only for a little time about the mid- 
dle of the Eclipſe. But if it happens that 2 
very high Mountain ſtanding almoſt out of the 
Atmoſphere of the Volva, is in the edge of it; 
he on whom the Shadow of that Mountain falls, 
will wholly loſe the Sun's Light, and not enjoy 
the benefit of the refraction of the ſolar Rays 
made at the Atmoſphere of the Volva: And he 
that from a great diſtance ſees the Shadow of 
the Volva receiv'd on the Moon's Diſc, will per- 
ceive a very black Spot in that place. On the 
other hand, there is here no diminution of the 
Darkneſs in a ſolar Eclipſe upon account of the 
illumination of the Spectator's Atmoſphere, be- 
cauſe he has none. ret 
Moreover, at the time of the Sun's Eclipſe, 
the Light that ends in a point extended along 
the Ecliptic from each ſide of the Sun (of 
which we ſpoke in the Schol. of Prop. 8. B. 2.) 
will be clearly ſeen by a Lunarian, if there be 
at that time a heap of ſmall Bodies in the ſhape 
r 
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Book VI. of AS TRONF OMV. 369 
alſo be ſeen when there is no Eclipſe, if the Sun 
de cover d from the Eye by the interpoſition of 
ſome opake Body; for the Eye in the Moon is 
not affected by the Rays which are reflected 
from the ambient enlighten d Atmoſphere, be- 
cauſe the Moon has no Atmoſphere about it ; 
whick is likely from obſerving that it is ſo even- 
ly circumſcrib d, and not vaniſhing at the Edges 
% if it hjad Down upon them; and becauſe the 
Stars near its Limb are not at all darkned, but 
nid and ſhining: till they are wholly hidden. 
By reaſon of that want of an Atmoſphere, the 
Lunarians will have no Twilight before the riſe 
ofthe Sun( except the ſhining of the Solar Atmo- 
ſphere) or after its ſetting ; becauſe the cauſe 
which occaſions it upon Earth ceaſes here : 
Moreover, the. Celeſtial Bodies will have no 
rations, and therefore no change of Place 
apon that account. | 1 

We have hitherto ſuppos d that to the Luna- 
nans the Volva is unmov'd in the Heaven, be- 
cuſe for the moſt part it it is really ſo: But it 
has a certain libratory motion, by which it ap- 
pears to any Lunarian ſometimes to move a lit- 


A 


tle towards one ſide, then to return to the ſame 


Mace, and afterwards to move to the other ſide. 
But this libratory motion of the Volva is eaſily 
divided into two: For either the Volvã appears 
to librate towards the South and North upon 
the ſame Circle of Latitude ; or towards the 
Eſt and Weſt upon the Ecliptic. Let us ſup- 
poſe the Sun and the Volva to be in a central 
Conjun&ion when the Sun is ſeen in the Eclip- 
tic it ſelf, or that a right line joining the Cen- 
ters of the Sun and Volva goes thro' the Moon; 
that is, that to the Inhabirants of the Earth the 


Moon is in oppoſition to the Sun when in one 
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of the Nodes; as for Example, the deſcending 
Node; in which cafe the Sun is centrally E 
clips d to the Lunarians; as has been before ex- 
plain d. Aſter the Eclipſe the Sun is by the 
Common Motion carried to the Weſt, whilſt 
at the ſame time the Volva will ſeem to decline 
towards the North; and this declination will be 
greateſt of all after a quarter of the Lunar Nych- 
themeron, namely of 5 Degrees, when the Polar 
Region of the Privolvans becomes viſible to the 
Volva five Degrees ye the North Pole, and 
an equal Region of the Syubvolvans at the 
South Pole is reduc'd to the State of the Privol- 
—. from 9 time the Volva pars 

ack upon its Steps comes again to the Eclip- 
tic, in 4 ſpace —— lets chan half of Gl 
Lunar Nychthemeron. Afterwards it will run 
out as far towards the South; 'and make the 
Lunarians of the South Pole from Privolvani 
to become Subvolvans, and ſo contrarily to- 
wards the North; and before the whole M- 
thẽmeron be over, it will return a ſecond time to 
the Ecliptic. This whole Libration of the 
Volua to the North and to the South, is per- 
form'd in a ſpace of time not only leſs than 
the Nychtbemeron, but alſo leſs than that in 


which the Fix'd Stars which have left any thi 
Lunar Meridian -are by - the firſt motion D: 
brought to it again; and the Yolus being the WI fi 
ſecond. time return d to the Ecliptic, will be © 
found in conjunction with more Weſterly Fix d Ve 
Stars, than thoſe with which it was in conjuncti- It 
on at the time of the Sun's Eclipſe, from which it 
we begun to reckon. After another whole Li- 1 
bration of this. kind is finiſh'd, it will be in t 
Conjunction with Fix'd Stars that are yet 8 

8 


more Weſterly, and ſo on; ſo that it will be 
| R nineteen 
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neten Years before the Volva be found again 
in the Ecliptic, in Conjunction with the ſame 
Fixd Stars, juſt as it is about to decline North- 
ward. From the different magnitude of the 
ſeriod of the libration of the Volva in Latitude 
nd of the Nychtbemeron, it happens, that when 
alf a Nyebthemeron is elaps d after the Sun's cen- 
nl Eclipſe, the Luminaries will have no E- 
dipſe of the Vola. For the Sun being come 
tothe Oppoſition with the Volva (that is in the 
An vol vum or Full- Volva, in which alone ſuch 
m Eelipſe may happen) the Volva having juſt 
pals d the Ecliptic (for it was come to it a lit- 
le before the Sun was in Oppoſition with the 
Poles) will be got fo far Southward by its Libra- 
don as to eſcape the Moon's ſhadow, An In- 
abjtant of the Volva will indeed fee the Sun's 
Edipfe at that time if he lives towards the North 
fole of it, but not total; in which caſe alone 
the Volva appears to a Lunarian to have an E- 
dipſe. Likewiſe in the following Novivolvium 
r New-Volva, tho' centrally ecliptical, the 
Moon will eſcape the ſhadow of the Volva. 
Thoſe Lunarians which are nice Obſervers, 
vill ſometimes ſee the Volva bigger and ſome- 
times leſſer; and that whole variety is gone 
ro nearly in the ſpace of a Lunar natural 
Day; but more accurately in the ſpace that the 
fix'd Stars take up to return to the ſame Meri- 
lian, Let us ſuppoſe that to a Lunarian the 
Java appears to have the leaſt Diameter when 
tis ſeen in the ſaid Circle of Latitude on which 
it has its North and South Libration. The Di- 
meter of the Volva being by degrees encreas d, 
the Volva itſelf will deviate from the ſaid Cir- 
cle towards the Weſt during almoſt a quarter of 
the natural Day, and return to it the next quar- 
CCccca4 ter- 
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(during which time from appearing leaſt, it 
gradually encreaſes till it appears biggeſt, and 


. —ů—————ꝙiC 


gitude is greateſt of all When the Yolya in the 


1 N 
7 „ l 
* TIA] 


872 The'ELEMENTs Book VI. 
ter, and then the Diameter of the Volva will 
appear the greateſt; and then from that Place 
it will again deviate towards the Eaſt, and its 
Diameter will grow leſs, and it will perform 
one entire Libration by returning to the Eclip- | 
tic (at which time its Diameter will again be 
leaſt of all) in one Revolution of the Fix'd 
Stars. This Deviation, when greateſt, will be 
of about 5 Degrees; and juſt ſo much will the 1 
Circle which divides the Subwolvans from the Pri 
Privolvans be carried ſometimes in the Weſt Wi tell 
leaving the Eaſt, ſometimes, in the Eaſt leaving WI Ju! 
the Weſt, as by the former Libration it was 
carried to the North or to the South. And 
the Volva, after having perform'd one whole 
Libration in Longitude of this kind, returning 
to its firſt Circle of Latitude, namely the Mean 
between between the Extremes of its Libration, 


returns again to its firſt appearance) will ap- 
pear in Conjunction with more Eaſterly Fix d 
Stars than thoſe. with which it was in Conjun- 
ction before when it was in the ſame Circle of 
Latitude : And again after the next Libration, 
to Stars ſtill more Eaſterly ; and ſo on, till after 
almoſt nine Years the Volva appears both leaſt 
and in conjunction with the ſame Fix'd Stars, 
and in its proper Circle of Latitude, ready to 
go from it by librating towards the Weſt. But 
neither of theſe Librations is found to be always 
equal to itſelf, but the Libration in Latitude is 
the greateſt on thoſe Days which are near to 


the Eclipſe of either of the Luminaries; and 


leaſt on thoſe Days which are the moſt remote 
from the Eclipſes : and the Libration in Lon- 


Sun; 
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guns Syzygy appears greateſt or leaſt ; but leaſt 
of all when the Volva in the Sun's Quadrature 
appears greateſt or leaſt. 


., i», ProPosITION X. 

No determine the principal Phænomena that 
1 vod appear to an Eye plac d in ſome one of 
the Satellites of Jupiter or Satun. | 
The Phænomena of the Sun and of the other 
primary Planets, except that to which the Sa- 
tellite belongs, when ſeen from a Satellite of 


Jupiter or Saturn, will be like or ſimilar to their 


Phznomena ſeen from our Moon, if thoſe Sa- 
tellites are like it turn d about their own Axes; 


namely each of them npon an Axis almoſt per- 
pendicular to the Plane of the Orbit of his Pri- 


mary about the Sun,andina Period equal to the 
Period of the ſaid Satellites about its Primary, 
xt is very likely. In the mean time we muſt 
obſerve, that tho from Jupiter we can ſee no 
Primary Planet beſides Saturn, and from Saturn 
none but Jupiter; yet from ſome of the Satel- 
lites of Jupiter or Saturn they may all be ſeen. 
For we ſaid that Mars and the Planet below 
Mars cou'd not be ſeen from Jupiter for this 
reaſon, viz. Becauſe we ſuppos'd Jupiter to 
have an Atmoſphere, which being enlighten'd 
by the Sun, hinder'd ſuch Planets as were near- 
er to the Sun than 20 Degrees from being ſeen. 
But if we ſuppoſe the Satellites of thoſe Prima- 
ry Planets to be like the Satellite of the Earth, 
they will alſo be without an Atmoſphere as our 
Moon is: Therefore an Eye in one of em will 
ſee the Planets when they are near the Sun, un- 
leſs the Sun's ſhining Atmoſphere hinders it; 
but even Mercury ſeen from Saturn will ſome- 
times appear 3 Degrees diſtant from the _ 
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And as the Sun's apparent Diameter from Saturn 
is about 9o”, it is plain that Mercury goes 
farther from the Sun than the limits of the At- 
moſphere; and then that it may be ſeen by an 
Eye that is not hinder d by an encompaſſing 
Atmoſphere ; that is, by an Eye plac'd in a Sa- 
tellite of Saturn, to which Mercury may yet 
(tho' but a little) appear farther diſtant from 
the Sun than to an Eye in Saturn itſelf. More. 
over the Phænomena of Jupiter ſeen from Jupi- 
ter's Satellice, or of Saturn ſeen from a Satellite 
of Saturn, will be the ſame as the Phznomena 
of our Earth ſeen from the Moon, and differ in 
nothing but the meaſure of their Digreſſions 
and Librations: As for Example, To the Sub- 
volvans of any Satellite of Jupiter the Volva 
does not appear to librate from the Ecliptic to- 
wards the North or South above 3 Degrees; 
tho' the Libration in Latitude of the Vol. ſeen 
from one of Saturn's Satellites is of more than 
o Degrees. But in the latter as well as in the 
e. Satellites, there is no Libration in Lon- 
gitude, or if there is any it is not ſenſible, be- 
cauſe the Orbits of the Satellites of Jupiter and 
Saturn are nearly circular. on Je 
The Phænomena which appear to an Obſer- 
ver in any of the ſaid Satellites, very different 
from the Phænomena which appear in our 
Moon, are ſuch as appear from their Compa- 
nions. For if the Volva has any Satellite near- 
er to itſelf than that in which the Eye is, that 
Satellite will never appear in oppoſition to the 
Vol va, but always near it, librated like a Pen- 
dulum, ſometimes towards the Weſt and ſome- 
times towards the Eaſt of the Velva, deſcribing 
the Arc of a great Circle, which the Volva di- 
vides into two equal parts; and if there are 
more 
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deb VI. of As TRONOMx. 873; 
more ſuch Satellites, one will mn out into a 
leffer Arc on each fide, and the other into 
ter; and theſe Satellites will never Set to 
the middle Sub volvant, and never rife to the 
middle Priveluvans. But thoſe which have the 
Tos a little below the Horizon to the Eaft or 
Weſt, will ſee theſe Satellites Riſe in the Eaft 
or Weſt, and go towards the Meridian, then 
back again and ſet in the ſame place. If 
the Folva has a Satellite more remote from it 
than that in which the Eye is, it will appear to 
the Pri vol vans once in their natural Day, to 
the middle Privalvan: and middle Subvolvans 
itriſes and ſets very ſlowly, and when it comes 
tothe Meridian, it appears to the Subvolvan: 
to move faſter towards the Weft, and to the 
vol vans to move flower towards it; from 
which it is eaſy to gueſs what appearance the 
Inhabitants of the Satellites between both will 
have, In the mean time any one of thoſe Com 
ions or Satellites of the Volya, make the Suh 
obe Eclips'd, and itſelf is alſo Eclips d, either 
when it runs into the ſhadow ofthe Volva, or into 
theſhadow of the Satellite where the Obſerver 
b or of any other of the Satellites. But any one 
may eafily find the the various Symptoms and 
Times of theſe Eclipſes, and ſeveral other things 
relating to this matter. 
mr Het OR GL LIL ARMY 
From the ten foregoing Propoſitions it fol- 
lows that Aſtronomy is the moſt ſimple of all to 
an Eye plac'd in the Sun. For if the Eye be 
plac'd in its Center, the true Syſtem does not 
differ from the apparent; if it be rais'd up to 
its Surface, the Obſerver may alſo compare 
the Diſtances of the ſix Primary Planets from 
his Habitation with his own Meaſures, and 
1165 t Yo. thence 
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thence determine both their Magnitudes, and 
chat of their Satellites. But he will falſely im. 
gine that all things are carried from Eaſt to 
Weſt ; but if he ſuppoſes that his Habitation 
moves about the ſame Axis towards the Weſt or 
contrarywiſe, this one and ſimple motion will 
1 him from the apparent to the true Sy- 
em. | | Fd 

If the Eye be ſuppos'd in any one of the ſix 
Primary Planets,the Aſtronomy is more complex 
and difficult to be ſettled ; becauſe (contrary to 
the Obſerver's Senſes) a double motion is to be 
attributed to his Habitation, in order to find out 
the true Syſtem; and that the proportion that the 
Planetary Orbits bear to each other may be 
known. Mercury is the moſt unfit of any for 
Aſtronomy, . becauſe he has no Satellite from 
which he may. certainly conclude the opacity 
of any Celeſtial Body ; he has no inferior Pla- 
net, by which he may from the Phaſes perceive 
that ſome Planet revolves about the Sun. Mars 
and Venus want Satellites, but they have. infe- 


- rior Planets; and therefore they are not ſo un- 


fit as Mercury; but leſs apt than the Earth, 
which has both Conveniencies. Tho' Jupiter 
has a great many Satellites, yet he does not ſee 
any inferior'Planet, unleſs he can diſtinguiſh 

lanets nearer the Sun than we can: Saturn, on 
the contrary, ſees no ſuperior Planet, and but 
one inferior one. Therefore no one of the Pri- 
mary. Planets (be the caſes as much varied as 
— e) has ſo many helps for finding out the 


7 


enuine ſolar Syſtem, and from it knowing the 
Prope ion of the Planetary Orbits, as the 
arth. | 2 


But 


; * 
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But the Syſtem being diſcover'd, the Magni- 
tudes and Diſtances of the Planets will be ve 

| : ry 

hard to be found out by the Inhabitants of any 
of the Primary Planets, and will not exactly 
mpar d with their common Meaſures. Ju- 
Fer ſeems the fitteft for that Work, then Ve- 
dus, then Saturn, next Mercury, and Mars is 
the unfitteſt of any: What place we muſt give 
; to the Earth in this caſe is uncertain, becauſe 
* de Angle at the Sun, which the Earth's Diame- 
* er ſubtends, has been hitherto found rather by 
Analogy than Obſervation, Perhaps the Mag- 
nitade of the ſolar Syſtem will in time be firſt 
* diſcover'd by Obſervations of Comets: For if, 
by any of the Methods given in the Second or 
« Third Book, you can find the diſtance of a Co- 
* nt paſſing near the Earth, whofe Orbit is gi- 
en in poſition and Magnitude (from the Fifth 
* ok,) you will find the Magnitude of the Or- 
bit of any Planet, or Comet, whoſe Period is 
known. 3 — | 
The Aſtronomy is more intricate and diffi- 
cult to an Obſerver in one of the Secondary 
Planets, For in order to eſtabliſh it, ſo as ic 
may agree with the Phænomena, a Primum Mo- 
le muſt be introdnc'd to carry all Celeſtial 
Bodies from Faſt to Weſt in the Space of a na- 
tural Day: But that will not be enough; for the 
Vakva is not carried by that Firſt Motion altho 
it be a Celeſtial Body; and in one of Jupiter's 
or Saturn's Satellites, ſome of the Celeſtial Bo- 
dies (inferior to the Volva) are carried round by 
the Primum Mobile, and others not. Moreover, 
for demonſtrating of the Second Motions there 
muſt be Deferents, Epicycles, and Epicyclo- 
Epicycles, and the Aſtronomer will often be o- 
büged to change them all; hence his Sy il 
bo Wi 


hs Ca 
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will be very complex, and the Calculation ver 
intricate. But he will with eaſe practice Geo. 
graphy and Navigation: For beſides all the 
helps he may receive from Geometry, and the 
ſame means of finding the Latitude as we 
have, he may compute the Longitude from ie 
Meridian which is under the unmov'd Volva, 
and will immediately obſerve the Diſtance of 
the Meridian of any place in the Hemiſphere 
of the Subwolvans, from the firſt Meridian a 
which can't ſo well be done in a Primary Pla- 
net, becauſe it has nothing unmov d in the Hea. 
vens to look at beſides the Poles of the Firſt 
Motion. Theſe things may very nicely be per. 
forni'd in one of Jupiter's Satellites, becauſe to 
them the Yolva remains as it were unmoy'd; lef 
accurately of all in our Moon; to which the 
Vous does not only librate in Latitude (as it hap. 
pens to the Inhabitants of the Saturnian Moons) 
but alſo in Longitude; ſo that for finding the 
Longitude of a Lunar Place by the Obſervation 
of the Volva, there muſt be had a Theory of the 
Libration of the Volva. Moreover, by Obſer- 
vations made in ſeveral places of his Habitation 
at the ſame time; an Aſtronomer in a Satellice 
may find the diſtance of the Volva and of the o- 
ther Satellites of it, which wou'd ſcarce be 
known any other Way, (except, perhaps, from 
the different apparent Magnitude of thoſe 
Moons) and thence deduce the Motion of the 
Moons about the Volua; and this wou'd be the 
firſt Step towards finding out the true Syſtem. 
For the Variety of Phafes, which gave occaſion 
to the Inhabitants of the Earth to find out that 
Venus and Mercury move about the Sun, can 
be of no ſervice here. „„ 
—— . 
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s that this Habitation moves about the 
lus, and that the Volug revolves about the 
dun, he is ſituated in the beſt place of any for 
inpcoving Aſtronomy : For beſides an accurate 
Geography very neceſſary to Aſtronomy, there 
being no Atmoſphere, no Miſts or Clouds do 
wer hinder Obſervations, and he may obſerve 
the Celeſtial Bodies by Day as well as by Night, 
and all the Planets, even thoſe that are near the 
dun; therefore, if there are any Planets below 
Mercury, which we can't fee, he will fee them, 
and encreaſe Aſtronomy fo much the more. 
Beſides, he will obſerve the Celeſtial Bodies 
without Refraction, (becauſe it is occaſion d b 
an ambient Atmoſphere) and this alone does fo 
much diſturb the Obſervations of the Inhabi- 
tants of the Earth, that the taking off ſmall 
Angles is a matter almoſt defpair'd of, More- 
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der, the Volva rotated in its place ſerves as a 
+ dock for all the Subvolvans to look at, and by 
f help of it the Moments of Obſervations are 
e eaſily known. The Earth's Companion the 


Moon is the moſt convenient of all the Satel- 
lites for this uſe, for its apparent Aſtronomy 
(fach as the firſt beginnings of Aſtronomy muſt 
be every where, unlefs the true Syftem be di- 
vinely reveal'd) will be leaſt compounded or 
perplex'd, becauſe the Earth has no other Com- 
panion; whence an Obferver there will ſooner 
come to the knowledge of the true Syſtem: 
And tho' the Diameter of the Orbit of the 


«© OO 0 0.1 0 


an Angle at the Sun almoſt equal to that which 
the Diameter of the Moon's Orbit ſubtends, 
and ſo the diſtance of the Sun from Jupiter or 
Saturn may, by Obſervations made in their 
outermoſt Satellites, be almoſt as exactly defin'd, 

F as 
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outmoſt Satellite of Jupiter or Saturn ſubtends 


886 The ELEMENTS, Ws. Book VII 
as its diſtance from the Earth, by Obſervations 
made in the Moon ; yet ſince the diftance of 
the Sun is known from knowing the diſtance of 
any Primary Planet, an Inhabitant of one of 
Jupiter's Satellites will, in order to this Enquiry; 
chooſe the next Primary to it ſelf, namely, 
Mars, when it is in conjunction with the Sun 
and retrograde; as we do Venus, when it is ſi- 
milarly poſited: But the Angle which the Dia- 
meter of the Moon's Orbit ſubtends at Venus, 
when it is near the Earth, is almoſt three times 
greater than the Angle which the Diameter of 
the Orbit of the outermoſt of Jupiter's Satellites 
ſubtends at Mars, when it is neareſt to Jupiter. 
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1 ene ne een 1 
HE ancient Egyptians and Caldeans 
flit we may credit Diodorus Siculus) by 
a long courſe of obſervations, were 
kid to be able to predict the Apparitions of Co- 
en. But ſince they are alſo ſaid, by the help 
the ſame Arts, to have prognoſticated Earth- 
mkes and Tempeſts, tis paſt all doubt, that 
teic knowledge in theſe matters, was the reſult 
ther of meer Aſtrological Calculation, than of 
ay Aſtronomical Theories of the Celeſtial 
notions. And the Greeks, who were the con- 
(terors of both thoſe People, ſcarce found any 
her ſort of Learning amongſt ' chem, than 
CD Dddd ; this, 
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prevail'd ſo far, that this moſt difficult part « 
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this. So that tis to the Greeks themſelves as thell at u 


Inventors (and eſpecially the great Hipparchus 
that we owe the Aſtronomy we have, ang 
which is now improv'd to ſuch a heigth. But 
yet, amongſt the Greeks, the opinion of 4-; 
ftotle (who wou'd have Comets to be nothing 
elſe, but Sublunary Vapours, or Airy Meteors 


theſe 


the Aſtronomical Science lay altogether neg 
lected; for no Body thought it worth while t 
take notice of, or write about, the wandring 
uncertain Motions of what they eſteemed Va 
pours floating in the Atherg whence it came tc 
paſs, that nothing certain, concerning the Me 
tion of Comets, can. be found tranſmitted fron 

then 2 a4 445 ONES 77 
But Seneca the Philoſopher, having conſider Wim 
the Phænomena of two remarkable Comets of bot! 
his time, made no ſcruple to place them: 
mongſt the Celeſtial Bodies; believing them t 
be Stars of equal duration with the World, the 
he owns their Motions to be govern'd by Law 
not as then known or found out. And at hf 
(which was no untrue or vain Prediction) he 
Foretells, that there ſhould be Ages ſometime 
hereafter, to whom Time and Diligence ſkou't 
unfold all theſe. Myſteries, and who ſhou'd 
wonder how twas poſſible the Ancients cou'd be 
ignorant of them, after ſome lucky Interpre 
ter of Nature had ſhewn, in what parts of the 
Heavens the Comets wander d, what ſort of Being! 
and \bow great they were. Yet almoſt all the A 
ſtronomers differ'd from this opinion of Senecs 
neither did Seneca himſelf think fit to ſet doun 
thoſe Phænomena of the Motion, by which hs 
was enabled to maintain his opinion; nor ti 
Ting of choſg Appearances, which might b 
© ; 0 
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Aſtronomy of Comrtrs, 885 
of uſe to poſterity, in order to the determining 
theſe things. And indeed, upon the turning 
Wl over very many Hiftories of Comets, I find 
nothing at all that can be of ſervice in this af. 
fir, before A. D. 1337. at which time Nicepbo- 
N Gregoras, a Conſtantinopolitan Hiſtorian and 
ronomer, did pretty accurately deſcribe tha 
Path of a Comet amongſt the Fix d Stars, but 
was too laxe as to the account of the Time; 
ſo that this moſt doubtful and uncertain Comet, 
in ea deſerves to be inſerted in our Catalogue, 
for the ſake of its appearing near four-hundred 
Years ago. 
The next of our Comets was in the Year 
1472, Which being the ſwifteſt of all, and 
neareſt to the Earth, was obſerv'd by Regiomon- 
m. This Comet (ſo fearful upon the account 
och of the magnitude of its Body, and the Tail) 
moy'd forty degrees of a great circle in the 
Heavens, in the ſpace of one Day; and was the 
cit, of which any proper obſervations are come 
down to us. But all thoſe that conſider d Co- 
mets, until the time of Tycho Brahe (that great 
leſtorer of Aſtronomy) believ'd them to be 
below the Moon, and ſo took but little notice 
them, reckoning them no other than Vapours. 
Bur in the Year 1579, (Tycho ſeriouſly purſu- 
ing the ſtudy of the Stars, and having gotten 
urge Inſtruments for the performing Celeſtial 
menſurations, with far greater care and cer- 
ainty than the Ancients cou'd ever hope for) 
there appear'd a very remarkable Comet; to the 
obſervation of which Tycho vigoroully applied 
himſelf; and found by many juſt and faithful 
trials, that it had no Diurnal Parallax that was 
perceptible: And conſequently was not only 
90 Aerial vapour, but alſo much higher than 
Dddda the 
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the Moon; nay, might be. plac'd amongſt the 
Orbs of the: Planets, for any thing that appear'd 
to the contrary ; the cavilling oppoſition. made 
by ſome of the Sqhool-men in the mean time, I Var 
being to no purpoſ . 
Djabo was ſucceeded by the moſt Sagacious ye s 
Kepler. He having the advantage of Tychd'sMiflo 
labours and obſervations, found out the true I 
Phyſical Syſtem of the World, and vaſtly im- unt 
proud the Science of Aſtronom ye 

For he demonſtrated that all the Planets per- 
form their revolutions in Elipric Orbits, haſe 
Plains paſs thro the Center of the Sun, obſerving 
this Law, that the Area's of the Elliptic Sefors 
taken at the Center of the Sun (which be-preved i 
be in the common Focus of theſe Ellipſes) are alway 
proportional to the Times in which the correſponden 
Elliptical Arcs are deſcribd. He diſcover'd alſo 
that be Diſtances of the Planets from the Sun are in 
the Seſquialtera ratio of the Periodical Times, or 
(which is all one) that the Cubes of the Diſt ance:Miy;n 
are as the Squares of the Times. This great Afiro- only 
nomer had the opportunity of obſerving two te 
Comets, one of which was a very remarkable Hit 
one. And from the obſervations of theſe (which Mhil 
afforded ſufficient indications of an Annual Pa- Min 
rallax) he concluded, That the Comets mov d freely Mie 
bro the Planetary Orbs, with a Mation not much dif» Mite 
ferent from a Rectilinear one; but of what kind be Hort 
cou d not preciſely determine. Next, Hevelius (2 un 
noble emulator of 7ycho Brabe) following in nt 
Kepler's ſteps, embraced the ſame Hypotheſis of Wren 
the Rectilinear Motion of the Comets, him- n 
ſelf accurately obſerving many of them. Yet Min 
che complain d that his calculations did not per- N (a 
fectly agree to what he obſerved in the Hea - 
vens: And was aware, that the Path of a Comet 

| 2. 
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ard Mai bent into 4 Curve Line concave towards the Sun. 
ade Wir length, came that pro nons Comet of the 
ime, Meir 1680. Which deſcending (as ir were from 
yn infinite Diſtance) perpendicularly towards 
fe Sun, aroſe from him again widh'as great a 
mary, en 01 02003 3) (HE 
This Comet, (which was ſeen for four months 
mtinuallyY by the very remarkable and pecu- 
x Cutvity of ts Orb (above alt others) gave 
i fitteſt occaſion for inveſtigating'the Theory 
its Motion. And the Royal Obſervatories 
pris and Green'vich having been for ſome time 
unded, and committed to the care of moſt 
xceſſent Aſtronomers, the apparent Motion of 
Comet was moſt accurately (perhaps as far 
humane skill cou'd go) obſerv'd by Mrs. 
bmi and Flamſteed. | 

Not long after, that great Geometrician the 
\ Or laſtrious Newton, writing his Mathematical 
ces pin ciples of Natural Philoſophy, demonſtrated not 
lo. Hay that what Kepler had found, did neceſſarily 
two ain in the Planetary Syſtem ; but alſo, that 
ble Will the Phænomena of Comets wou d naturally 
uch plow from the ſame Principles; which he a- 
Pa- mndantly illuſtrated by the example of the a- 
rel N preſaid Comet of the Year 1680. ſhewing at 
af the ſame time, a method of delineating the 
be WOrbits of Comets Geometrically ; therein ſol- 
(ug (not without meriting the higheſt admi- 
in ntion of all Men) a Problem, whoſe intricacy 
of Wrender'd it ſcarce acceflible to any but himſelf, 
m- WF This Comet he prov'd to move round the Sun 
(et Min a Parabolical Orb, and to deſcribe Area's 
er. (taken at the Center of the Sun) proportional 
poche Times. 
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Wherefore (following the ſteps of fo Great 
a Man) I have attempted to bring the ſame Me. 
thod to Arithmetical Calculation ; and that 
with all the ſucceſs I cou d wiſh. For, having 
collected all the obſervations of Comets I cou d, 
T have fram'd this following Table, the reſult of 
a prodigious deal of Calculation : which, tho' 
but ſmall in bulk, will be no unacceptable pre- 
ſent to Aſtronomers. For theſe Numbers are 
capable of repreſenting all that has been yer 
obſery'd about the Motion of Comets, by the 
help only of the annext General Table; in the 
making of which I ſpar'd no labour, that it might 
come forth perfect, as a Thing conſecrated to 
* and to laſt as long as Aſtronomy it 
] S. l : . | 
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om. War? Tnclin. Perinelion. Dijtan. Log. Dijt.| Temp. equat. |yerihelion 
An. | Aſcend.) Orbite, Periheli.| Perihelie | Perihelii, d Nodo. 
Jew e774 Sie. | 4 See. Poe ar 7 
1337] 11 24,21. 013211. 9 I 7.59. o] 40665 9.509236 Fune 2. 6.25 | 45.22, ofſRetrog. 
1472]|W11.46,20] 5.20. [F 8.33.30 24573 9.734524 Feb. 28.22.23 [123.47.10|Retrog. 
[$31] 519,25, © 17.56. = 1.39. of 59700 9.753583 4g. 12 4.2 1.185107. 46. o[Retrog. 
15320 N 20.27. 0132-36. Sax. 7. 10 9. 70603 Oct. 19.22.12 | 30.40. o Dire 
55825. 42. 0032. 6. 300 8.50. of 66390 9.666424 Apr. 2 1. 20. 3 |103. 8. Direct 
[$77] 25,52. 0174.32.45], 9.22. of 18342 [Ä. 26344) Oct. 26.18.45 i0o;3. 30. ©[Retrog. 
15800 V 18.57. 20064. 40. of S 19. 3.300 59628 9.775450 Nov. 28.15. 00 | go. 8.300 Dirett 
1885 5 7.42.30 C. 4. oV 8.5. oj1093 58 0.38950 Sept. 27.19.20 28.531.300 Direct 
Sor. 30. 4029.40. 40 m 6.54.30] 57661 9.760882 Fan. 29. 3.45 | 51.23. 50 Retrog. 
1596112. 12. 30055. La. rf, o| $1293 [9.710058\Fuli31.1g.55 [83.356.300 Retrog 
1607] N 20.21. 017. 2. olg 2.16. of $3680 19.758490]08. 16, 3.50 [108.05. 0[Retrog. 
618] C16. 1. 032.34. [V 2.14. 0 37975 9.2948 Ol. 29.12.23 | 73.47. Direct 
16520 728.10. 0179-28, o Va28. 18.40 84750 9.928 140 Neu. 2.15.40 | 89.51. 200 Direct 
1661 xr 22.30.3003 2.33.50 3325.58.40} 44351 19.651772| Fan. 16.23.41 | 33.28.10| Direct 
1664 1 21.14. 0 21. 18.3 Ki. 41.25 102575440. 011044 Nov. 24.11.52 49.27.25 Retrog. 
1156S] m 18.02. 0 76.05. c| Tr 11.54.30] 10649 (9-02 7309] Apr. 14. $.E55|I56. 7.30] Retrog 
I672|yp27.30.30[$3-22-10]5 16.59. 30 69739 |9.843476|Feb, 20. 8.37 109, 29. o| Direct 
1627 Im26. 49.107903. 13 K 17.37. 5 28059 9.448072 Apr. 26.00.37 99.12, 5 Retrog. 
680 Vp a. 2. © 30,56. Ol > 22.39.30 006123 7.787106 Dec. 8.00, 6 | 9.22.30 Direct 
682 2116.30 IZ. OI 2.52:45| 58328 [7.765877]Sept. 4-07.39 [102.23.45|Retrog. 
vas. 83.11. © $6020 [5.743343 |Fulr 3. 2:50 | B5.53-30|Retrog. 
£ . 222 ——ů A AS. 10.16 29.22.00} direct 
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4 General Table for Calculating the Motions 
e Comets in à Parabolical Orbit. 


ed Angut, IT Togar. | TMed.d Ane. 3 T, 
mot, | peribelio,| pro dift. of. I peribelio. | 
'o | gr. 7 7 | 4.5:  lolg | 
I | 1.31.40 | 0.000077 41 33.29.44 
2 +3+ 3.15 1 0.000309. | 42 54.27.32 
3] 4-34-43 | 0-000694 43 35.24.21 
4] 6. 6. © [o001231 | 44 | 56.20.13 o. 109490 
31 237. I [o. 001921]. 45 [ 57.15. 6 [0.113240 
1 £ | 9. 2.43 | 0.002759] | 46 | $8. 9 3 9.116955 
.Þ 7 110,38, 20.003745 47 1 59+ 2. 4 [0.120746 
8 | 12, 7.54 | 0.004876 48 89.54.11 1.12451 
9113.37.17 [o. 006151 49 60.45.25 [0.128278 
10 |I5. 6. 7 [0.007554] | 5o [61.35.45 0.132035 
1 71 |16,34-20 [o.cogirs} | 51 [62.25.14 | 0.135792 
12 |18. 1.54 [0.010798 5263.13.52 0. 139544 
13 19.28.47 0.012609 33 | 64. 1.40 0.143291 
14 | 20-54-54 [0.014550] | 54 1654.48.38 0.147029 
15 22.20. 14 f0.016607 55 55.34.50 | 0.150762 
1623.44.44 [o. 018783 56 | 66.20.13 o. 154482 
1725. 8.22 [0.021072 $7 67.04.50 [o. 158 92 
118 26.31. 8 [0,023470 58 167 48.42 [o. 161890 
19 27.52.55 [0.025969 $9 | 68.31.50 [o. 165575 
20 [29.13 47 0.028570| 60 | 69.14.16 [o. 169254 
2130.33.40 lo. 031263 6169.55.88 [o. 172914 
22 [31.52.32 [o. 034045 62 [70.36.56 [o. 17655 
2333.10.23 [0.036916 63 71.17.16 o. 180189 
24 34.27.12 (0.039864 64 | 71.56.56 | 0.183803 
25 38.42.59 [0.042892] | 65 | 72.35.57 | 0.187404 
26 36.57.41 [0.045989 66 73.14. 15 | 0.190978 
27 38.11.20 0.049154 67 73.51.59 |©.194540 
| 283 39.23.54 [0.052382 68 74.29. 6 | 0.19808; 
29 [40.35.23 [o. os 5658 69 75.05.38 [o. 201614 
| 30 [41-45-47 0.059009 70 75.41.35 | 0.205122 
31 [42.55.06 [0.062400 71 76. 16.56 | 0.200612 
32 [44+ 3-20 [0.065838 72 76.51.43 | 0.212080 
33 145-10.29 [0.069319 73 77.25.57 | 0.215529 
34 145 16.35 [o. 072839 74 77.59.41 [o. 218963 
35 [47-21-35 [0.076396] | 75 [78.32.54 0.222370 
3 (48.25.33 [0.079994] | 76 | 79. 5.35 [0.225769 
37 49.28.27 |0.083600 77 79.37.45 [0.229142 
38 [50.30,19 [0,087244 78 | 80. 9.23 [0.232488 
39 SI.Zf, 8 0.9091 | 79 80.40.34 0.235809 
40 [52.30.56 f0.094596 80 [81.11.16 [0,229127 
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The General Table continued. 


TT. Ang, a 2 
M mot. [peribelio. | pro. dift. 
0 Ir. 1 | '© gr. 2 4 Sole. 
81 | 81.41.31 | 0.242416] J 142 102.32.41'0.407380 
82 | 82.11.19} 0.245684] l 144[103.00.31[0.411784 
83 | 82.40.40 | 0.248933 | J  145[103-27.47]9-416132 
84 | 83. 9.34f0.252159 148 J103. 54.3100. 420430 
85 | 83.38. 40. 0.255366 15004. 20.430. 424676 
WH 84. 6. 8 0.258552 1521104.46.2240.428366 
87 | 84.33.49 | 0-261720 154105. 11.330.433012 
88 | Bs. 1. 50.264865 156 108. 36.160. 437110 
89 85.27.58 0 267989 158 106. oo. 320. 441164 
90 | 85.54.27] 0. 27 109 160 l106. 24.2300. 445178 
91 86.20.3440. 274176 162 1106.47.47. 449144 
9286.46.20 0.277239 1640). 10. 440. 453060 
9387.11.43 0.280284 166 107. 33.17. 456936 
94 87.36.45 9.283306 168 107.55. 2 70.460772 
5 86.01.27 [o. 28630 1708.12.14. 464 205 
96 | 88.25.49 | 0.289293 172 108. 38.3 70. 458318 
9788.48.40 0.292252 174108. 59.3 90. 472030 
o8 | 89.13.32 10.295201 176 flog. 20. 2000.475705 
99 | 89.35.54 | 0.298122. 1781109.40.4010.479340 | 
loo | 90.00.00 | o. 301030 180 f 10. 0. 400. 482937 
102 90.45.14 0.306782 182 110. 20. 2000.486498 
104 91.29.18 0.312469 1841 10.39.4100. 490022 
105 | 92.12.14 0.318060 {| 186[110.58.4410.493512 
108 | 92.54. 40.323587] | 188]111.17.28[0.49696s 
110 N 93.34.52 0.329042 190 111.38. 55. 500384 
112 94.14.40 e-334424 19211. 54.050. 503769 
(114 | 94.83.30 0.339736 19412.11. 580. 507121 0 
116 | 95.31.22 0.344979 196112.29. 340. 510441 b 
118 96. 8.22 931655 198 8112.46. 5 50.513729 
| 120 | 96.44.30 0.353262 +4260 113. 4.96 4.000. 516984 
122 [97.19.48 0. 360306 204 113.37. 113.37-25[0.523406 
124 97.54.19 0.365284 * 114. 9.53200. 529705 
126 | 98.28.00 | o. 370200 12 1114-41. 2310.535836 
128 99. c. 5710.375052 * 115.12 o2 6.5419 58 
130 [99.33.11 0.379842] f 220 115 4. P. 547922 
132 100. 443 0.384576 224 116.10. 520. 5.553782 
134 100.35. 4510.389252 228 116. 39. Jo. 559538 
136 þ: ole. $.48 | 0.393368 232{117.16.38]0.565199 
138 |101.35-22 | 0.398428 236 , I 7.33-2710,570762 
— 102. 4-19 | 0.402930 — 117-59-3540-575 233 
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The General Table continued. 


Died. Ange 4 Logar. | | Med. Ane. @ Tf 
mut. peribelio. pro diſt. mot. | peribelio, | pro diſt, | 
gr. 7 7 Sole. — Fo gr. 47 à Sole, 
2441118.25. 5 0.581616 | 620 0095-03 8 
248|118.49.57]0:586912: | — * 3.58 0.892649 
ee 

11 0 a . „ * . 
260 * 610.6023014 7001139. 28.250. 921012 
264|120.23.44 9.607274 7201139.54.16 0.929907} 
I20 8.520. 1217 740 140.1 . 5 0.93 5 g 
on 0.616956 | bad phy r 
eee es I 560g 
21.49. 210. 28 30. 
122. 9:3810.631056| 8201141. 49.24 0.970836 
122. 29.28 0.63 560 | 840142. 10.000. 978397 
122.48. 34.4009 : 860, I42.29,5610.985771 
5.644525 | 880 142.49. roſo. 992970 
48893 900 


128. 2.3 


128.3 5.3 
129. 7.270. 734006 
129.38. 4242186 


130. 7.340.750 160 


130.36. 2 
131. 3.30 


131.30. 2 


2 . 


13 2.44.32 


133˙30.23 
133.52. 20 


$2c 134-3418 


135. 14. © 
13 5.51.28 


125.3 5.34 
126. 14.440. 689568 
126.52. 120. 698 9 70 


— mr rn _p__—— 
127.28. 6 


0.669880 
0.679876 


0.708104 
0.716976 
| 0,725606 


0.757930 
0.765516 
0.772918 
0.780148 


13 2.20.3000. 787216 


0.794122 


133. J. 500 o. 800882 


0.807494 
0.813969 
0.826822 
'0*838600 
0.850187 


136.27. 6]0.861369 
[137-0057 0.872155 


Þ. 


920 
940 

| 950 
980 
1000 
1500 
2000 
2500 
3000 
3500 


4500 


6500 
7000 
7500 
8000 
8500 
9000 
9800 
10090 
$0000 


1100060 


4000 58.24.36 1.454950 


5800 


300 
6000| 


143. 7.48|0.I100000 
T43-25.51}t.00687x 
[43-43-21] 1.013586 
144-00.18|1,020155 
144.16.46|1.026583 
144.32.46|1.032876 | 
149.26. 8|1.153188 
152.26.73 1.246058 
154.32. 200 T. 3 13703 
156. 7. 27t. 368678 
157.22. 491.4142974 


159. 16.360 f. 490123 
160. 1121.521521 


161.14. 2401.575718 


161.45. 01.399460 
162.12.3401.521417 
162.3 7.341.641838 
163.00. 2311.660922 
163.21. 2001.878834 


163.40. 4201.595708 
163.58.38| 1.711662 
164.15. 200. 726784 


170.52, 02.197960 


160.40. 51.549874 


22.44. 2.399658 
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The Conſtrufion and Uſe of the general Table. 


do the Comets in Parabolic ones, having 
un in their common Focus, and deſcribe 
equal Areas in equal Times. Now fince all 
Parabola's are ſimilar to one another, theres 
fore if any determinate part of the Area of a gi- 
ven Parabola, be divided into any number of 
parts at liberty, there will be a like diviſion 
made in all Pacabola's under the ſame angles, 
and the diftances will be proportional: Conſe- 
quently this one Table of ours will ſerve for all 
Comets. . Now the manner of the calculation 
of this Table is thus: In the Fig. 


> > * 


A. the Planets move in Elliptic Orbs, ſo 
e9 


ay 


Sy . * 


4 
"> 
» 
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Let S be the Sun, POC the orbit of a Comet, 
P the Perihelion, O the Place where the Comet 
is 90 gr. diſtant from the Perihelion, C any o- 
ther Place. Draw the Right lines CP, CS, and 
make ST, S R, equal to CS; and having drawn 
the Right lines CR, C (whereof the one is a 
Tangent, and the other a perpendicular to the 
Curve) let fall C Perpendicular to the Axis 
PSR. 
Now, any Area, as COPS, being given, tis 
requir'd to find the Angle CSP, and the Di- 
ſtance CS. From the nature of the Parabola 


R 2 
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RA is ever= the Parameter or Latus rectun 

of the Axis, and conſequently if the Parameter 
be put , then Rr x. Let CO=x; then 

P © ſhall xx, and the Parabolic ſegment 

COP =75zz2, But the Triangle CSP will 

=I, and ſo the Mixtilineal Area COPS 
X Tr, Whence 23 ＋ zZ T2 a. Where- 
fore reſolving this Cubical Equation, z or the 
Ordinate C will be known. Now, let the 
Area OPS be propos'd to be divided into one 
hundred parts; this Area is + of the Square of 
the Parameter, and conſequently 12 4 is = that 
Square = 4. If therefore the Roots of theſe 
Equations 2 +3z2z0,04:0,08: o, 12: o, 16,0. 
be ſucceſſively extracted, there will be obtain'd 
ſo many ⁊ or Ordinates C © reſpectively, and 
the Area SOP will be divided into one hun- 
dred equal parts. . And in like manner is the 
Calculus to be continued beyond the Place 0. 
Now the Root of this Equation (ſince R © is 
I) is the Tabular Tangent of the Angle 
CR, or+ the Angle CSP, wherefore the 
Angle CSP is given. And RC, the Secant 
of the ſame Angle CR N, is-2 mean propor- 
tional between R © or Unity and R T, which 
is the double of $ C, as is plain from the Conics. 
But if SP be put 1, and fo the Latus rectum 
24 (as in our Table) then RT will be the 
Diſtance ſought, wiz. the double of $C in the 
former Parabola. After this manner therefore, 
F compos'd the foregoing Table, which ſerves 
to repreſent the motions of all our Comets; of 
which hitherto: there has been none obſerved, 
but come within the Laws of the Parabola. 

It remains now, to give the Rules for the 
calculation, and to ſhew the way of determi- 
ning the Place of a Comet ſeen, by theſe _ 
he * 7 ord. * 5 ere. 


e 
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hers. The Velocity of a Comet moving in a Paga- 
bola, is every where to the Velocity of 4 Planet de- 


ſcribing a Circle about the Sun, at the (ame Diſt ance 
from the Sun, as V 2 tO 1. as appears from Cor. 7, 


Prop. 16. Lib. I. of the Princip. Phil. Nat. Math. 
I therefore a Comet in its Perihelium were 
ſuppos'd to be as far diſtant from the Sun as the 
Farth is, then the Diurnal Area which the Co- 
netwou'd deſcribe,wou'd be tothe Diurnal Area 
ofthe Earth, as /2 to 1. And conſequently, the 
Time of the Annual revolution, is to the Time 
in which ſuch a Comet wou'd deſcribe the 
Quadrant of its Orbit from the Perihelium, as 
1.14159, Cc. (that is the Area of the Circle) 
0 %. Therefore: the Comet wou'd deſcribe 
that Quadrant in 109 Days, 14 Hours, 46 Mi- 
nutes ; and ſo the Parabolic Area (analogous 
o the Area POS) being divided into 100 
narts, to each. Day there wou'd be allotted 
912280 of thoſe parts, the Log. of which, viz. 
9960128, is to be kept for continual uſe. But 
then the Times in which Comets, at a greater or 
eb Diſtance, wou'd deſcribe ſimilar Quadrants, 
xe as the Times of the revolutions in Circles, 
that is, in the Seſquiplicate ratio of the Diſtan- 
ces: Whence the Diurnal Areas eſtimated in 
Centeſimal parts of the Quadrant (which parts 
we put for meaſures of the mean Motion, like 
degrees) are in each, in the Subſeſquialtera pro- 
portion of the Diftance from the Sun in the Pe- 
tihelion, 

Theſe things being neceſſarily premis'd, let 
it be propos d to compute the apparent Place of 
any one of the foremention'd Comets for any 
given Time. Therefore, 

I, Let the San's Place be had, and the Log. of its 
Diſtance from the Earth, 


1 


* | 
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2. Let the difference between the Time of the Þ;3 
ribelion and the Time given be gotten, in Days and 
Decimal parts of Days. To the Log. of this Number, 
let there be added the conſtant Log. 9.960128,andthe 
Complement Arithmetical of three halves of the Log: 
of the Perihelion Diſtance of the Comet from the Sun 
The Sum will be the Log. of the mean Motion, to be 
ſought in the firſt Column of the general Table. 

3. With the Mean Motion let there be taken the 
correſpondent Angle from the Peribelion in the Table; 
and the Log. for the Diſtance from the Sun: Then in 
Comets that are Dire, add, and in Retrograde 
ones ſubtracti; if the Time be after the Peribelion, the 
Angle thus found, to or from the Perihelion : or in 
Direct Comets, ſubſtratt ; and in Retrograde one, 
add; if the Time be before the Peribelion, the foreſaid 
Angle to or from the Place of the Perihelion ; and || 
we ſhall have the Place of the Comet in its Orbit. 
And to the Log. for the Diſtance found, let there be 
added the Log. of the Diſtance in the Perihelion, and 
the ſum will he the Log. of the true Diſtance of the 
Comes from the'Sim. | 

4. The Place of the Node, together with the Place 
of the Comet in its Orbit, being given, let the Di- 
ſtance of the Comet from the Node be found; then th: 
Inclination of the plane being given, there will be 
given alſo (From the common Rules of Trigonometry ) 
the Comet . Place reduced to the Ecliptic, the Incli- 
nation or Heliocentrio Latitude, and the Log. of the 

Curtate Diſtance. - 

5. From theſe things given (by the very ſama 
Rules that aue find the Planet's Places, from the Sun's 
Place and Diſt amce given) we may obtain the Appa- 
rent or Geocentric Place of the Comet, together with 
the Apparent Latitude. And this it may be worth 
while to illuſtrate by an Example or two. 


ESAMPLE I. 
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Lett Ha ofied the Place of the Comet of the 


Year 1664, March 14, 7%, oo', P. M. Lon- 
don. That i is, 964, 19h, 8 » after 'the Perihelion, 


' which happen d Novemb. 245 1 Th, 52 . 


Log. Diſt; Perihel. o. ol 1044 


Log. Seſquialt. o. 016566 % 
Comp. Arich. 9. 983434 
9, 960128 
Log. Temp. I. 985862 
Log. Med. Mot. I. 929424 
Medius Motus 85. o 
Perihel. a 10. 4 41. 25 
Ang. 1 83. 38. = 
Comet in Otb. 8 17. 3. 20 
Aſcend. Nod. 1 21. 14. oo 
Com. 4 Nodo 34 10.40 
Red. ad Eclip. 32. 19.05 
Com. Helioc, 5, 38. 54. 55 
Incl. Bor. II. 46. = 
Log. pro aift. d. 255369 
Log. Perihel. o. 011044 
Co- ſin. Incl. 9. 990754 
Log. diſt. Curt. o. 257167 
Log. diſt. © 9. 997918 
21. 44. 45 
Com. Viſus J 29. 18. 30 
0 E 36, 15 


EX Au- 
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1 Tot it be 7 equir dito find the Place: of the Comet of 


© the Year 1684, July * 2 — * 35, P. M. Lon- 
don: 07, 1 ee at. Times 'That i, 214, 


3 10% the Perl. 4 * 
log. Diſt. Perihel. 9. - 834 ae 
1 135 Seſquialt. 9. 175 
Comp.rAgith. 0. 377486 
9. 960128 


Log. Temp. I, 310723 
Log. Med. Mot. 1. 648337 
Medius —— 44 498 


3 Perihel. x 25. 29. 30 
| Ang. Correſp. *56: 47. 2044 

| | Comet. in Orb. V. 28. 42. 10 

= Nod. Deſcend. 6 23. 23- 09, * 
Com. 4 Nodo 351 19. 8 


Red. ad Eclidp. 4 48. 30 
Com. Helioc. 6 28.17; 30 
Incl. Bor. 5 37. Sc o 
Log.'p pes if; . 111336 
Log. Perihe 9. 59110 
Co- ſin. Incl. 2.213187 
Log. diſt. Curt. 9. 772866 
Log. diſt. ©. o. 096104. 
3 © Locus c 10, 41. 25 
2 Com. Viſus 8 FJ. xx, 50 
1 Lat. Bor. Re -28. 52. O0 


At the inſtant of Time ſpecified/in the firſt 
Example, twas obſerv'd (at London) that the 
Comet applied to the ſecond Star of Aries; ſo 
that it was found to be 9, more Northerly, 
| and 
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and. 3 to the Eaſt, according to Dr. Hool's ob- 
ſerration. But at that of the ſecond Example, 
Imy ſelf (near London, with the ſame Inſtru- 
ments whereby I formerly obſerv'd the Southern 
Conſtellations) found the Place of the Comer 
tobe S, 5% 11'5, and 28, 52 North Latitude, 
which” agreed exactly with the obſervation 
made at Greenwich, almoſt at the very ſame Mo- 
ment. | . 

As for the Comet of the-Year 1680, which 
de almoſt to the very Sun itſelf (being in its 
Perihelion, not above one third of the Semidia- 
neter of the Sun diſtant from the ſurface of it,) 
lnce the Latus Rectum of its Orbis fo very ſmall, 
t could hardly be contained within the limits 
of the general Table, becauſe of the exceflive 
Velocity of the Mean Motion. Wherefore in 
his Comet, the beſt way will be (after the 


tean Motion is found) to get from thence (by 
4 


tehelp of the foregoing Equation æ + 32=,— 
ofthe Mean Motion) the Tangent of half the 
gle from the Perihelion, together with the 
Log. for the Diſtance from the Sun. Which be- 
ug found, we are to proceed by the ſame Rules, 
in the reſt. 

Aſter this manner therefore, the Aſtronomi- 
al reader may examine theſe Numbers, which 
[have calculated with all imaginable care, from 
the obſervations I could meet with. And I 
have not thought fit to make them publick before 
they have been by my ſelf duly examin'd, and 
made as accurate as 'twas poſſible, not without 
the labour of many Years. I have publiſh'd 
this Specimen of Cometical Aſtronomy, as a 
Prodromus of a future Work I have in defign, 
kit, happening to be prevente l by Death, 
Ee e e theſe 
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theſe Papers might chance to be loſt, which e. 
very Man would not be capable to retrieve, by 
xealon of the great difficulty of the Calcula. 
tion. | | 

Now it may not be amiſs to put the Reader 
in mind, that our five firſt Comets, (the third 
and fourth obſerv'd by Peter Apian, the fifth by 
Paulus Fabricius) as alſo the tenth, ſeen by Mf. 
lin, if I miſtake not, in the Year 1596, are not 
ſo certain as the reſt ; for the obſervations 
were made neither with ſufficient Inſth. 
ments, nor due care, and upon that account are 
diſagreeing with themſelves, and can by no 
means be reconcil'd with a regular Computus. 
The Comer which appear'd in the Year 1684, 
was only taken notice of by Blanchinus, who 
obſerved it at Rome: And the laſt, which ap 
pear'd in the Year 1698. was ſeen only by the 
Pariſtan obſervers, who determin'd its Courſe 
after a very uncommon manner. This Comet 
was 2 very obſcure one, and altho' it mov 
ſwift and came near enough to our Earth ; yet 
we, who are wont not to be incurious in theſe 
matters, ſaw nothing of it. For want of ob- 
ſervations I have alſo left out of the foregoing 
Catalogue, thoſe two remarkable Comets which 
have appeard in this our Age, one in Novem- 
ber in the Year 1689, the other in February in 
the Year 1702. For they directing their cour- 
ſes towards the Southern parts of the World, 
and being ſcarce conſpicuous any where in 
Europe, met with no Obſervers proper for the 
purpoſe. But if any one ſhall bring from India, 
or the Southern parts, an accurate ſeries of ob- 
ſervations, I will willingly fall co work again, 
and undergo the fatigue of repreſenting their 
Orbits in Numbers, as I have done the reſt. 


. 


by 
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ch e: By comparing together the Elements of the 
, by Motions of theſe Comets, tis apparent, their Or- 
ula. bits are diſpos d in no manner of order; nor 
en they, as the Planets are, be comprehended 
vithina Zodiac, moving indifferently everyway, 
g well retrograde as direct; from whence it is 
dear, they are not carry'd about or mov'd in a 
Vortical Syſtem: Moreover, the Diſtances in 
their Perihelia are ſometimes greater, ſometimes 
eſs; which makes me ſuſpect, there may be a 
ar greater number of them, which may move 
n Regions more remote from the Sun, and 
being therefore very obſcure; and wanting 
Tails, may paſs by us unſeen. 

Hitherto I have conſider'd the Orbits of Co- 
mets as exactly Parabolic; upon which ſuppo- 
ſtion it wou'd follow, that Comets being im- 

I'd towards the Sun by a Centripetal Force, 
yould deſcend as from ſpaces infinitely diſtant, 
nd by their ſo falling acquire ſuch a Velocity, 
sthar they may again fly off into the remoteſt 
narts'of the Univerſe, moving upwards with. a 
xerpetual tendency, ſo as never to return again 
tothe Sun. But ſince they appear frequently 
enough, and ſince none of them can be found 
o move with an Hyperbolic Motion, or a Mo- 
ton ſwifter than what a Comet might acquire 
y its Gravity to the Sun, tis highly probable 
they rather move in very Excentric Elliptic Or- 
bits, and make their returns after long periods 
of Time: For ſo their number will be determi- 
nate, and, perhaps, not ſo very great. Beſides, 
the ſpace berween the Sun and the Fix'd Stars is 
bimmenſe, that there is room enough for a Co- 
met to revolve, tho' the Period of its revolu- 
tion be vaſtly long. Now, the Latus Rectum of 
an Ellipſis, is to the Latus Rectum of a Parabola, 
a Eeee 2 which 
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which has the ſame Diftance in its Perihelium: 
as the Diſtance in the Aphelium in the Ellipſa, 
is to the whole Axis of the Ellipſis. And the Ve. 
Jocities are in a Subduplicate ratio of the fame: 
Wherefore in very Excentric Orbits the ratio 
comes very near to a ratio of Equality; and the ve- 
y ſmall difference which happens on account of 
e greater Velocity in the Parabola, is eaſily 
compenſated in determining the ſituation of the 
Orbit. The principal uſe therefore of this Table 
of the Elements of their Motions, and that which 
indeed induced me to conſtruct it, is, that when- 
ever a new Comet ſhall appear, we may be 2. 
ble to know, by comparing together the Ele. 
ments, whether it be any of thoſe which has 
appear'd before, and conſequently to deter- 
mine its Period, and the Axis of its Orbit, 
and to foretel its Return. And, indeed there 
are many things which make me. believe that 
the Comet which Apian obſerv'd in the Year 
1531, was the fame with that which Kepler and 
Longomontanus more accurately deſcrib d in the 
Year 1607; and which I my ſelf have ſeen re- 
turn, and obſerv'd in the Year 1682. All the 
Elements agree, and nothing ſeems. to con- 
tradict this my opinion, beſides the Inequality 
of the Periodic revolutions. Which Inequality 
is not ſo great neither, as that it may not be 
owing to Phyſical Cauſes. For the Motion of 
Saturn is ſo diſturbed by the reft of the Planets, 
efpecially Jupiter, that the Periodic time of 
that Planet is uncertain for ſome whole days to- 
gether. How much more therefore will a Co- 
met be ſubje& to ſuch like errors, which riſes 
Imoſt four times higher than Saturn, and whoſe 
Velocity, tho encreaſed but a very little, would 
be ſufficient to change its Orbit; Lom an * 
. | tica 
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gal to a Parabolical one. And IT am the more 
confirmed in my opinion of its being the ſame; 
for that in the Year 1456, in the Summer time, 
Comet was ſeen paſling Retrograde between 
the Earth and the Sun, much after the ſame 
manner : Which tho' nobody made obſervations 
it, yet from its. Period and the manner of 
ts Tranfit, I cannot think different from thoſe 
ſhave juſt now mention d. And ſince looking 
over the Hiftories of Comets I find, at an e 
interval of Time, a Comet to have been ſeen a- 
bout Eaſter in the Year x 305, which is another 
double Period of 151 Years before the former. 
Hence Ithink Lmay venture toforetel, that it will 
return again in the Year 1758. And, if it ſhould 
then ſo return, we ſhall have no reaſon to doubt 
batthe reſt may return alſo : Therefore Aſtrono- 
mers have a large field wherein to exerciſe them- 
flves for many ages, before they will be able 
o know the number of theſe many and great 
Bodies revolving about the common Center of 
the Sun, and to reduce their Motions to certain 
Rules. I thought indeed that the Comet which 
appear'd in the Year 1532, might be the fame 
with that obſerv'd by Hevelius in the Year 1664, 
But Apian's obſervations, which are the only 
ones we have concerning the firſt of theſe Co- 
Mets, are too rude and inaccurate for any thing 
of certainty to be drawn from them, in ſo nice a 
matter. But as far as probability from the equali- 
ty of Periods, and ſimilar appearance of Comets, 
may be urged as an argument, the late wondrous 
Comer of 1682. ſeems to have been the ſame, 
which was ſeen in the time of our King Heury 1. 
anno 1106, which began to appear in the Weſt 
about the middle of February, and continued 
for many days after, with ſuch a Tail as was 
Eeee 3 ſen 


92 A SyNorps18 of the 
ſeen in that of 168%, And again in the Con- 
ſulate of Lampadius and Oreſtes, about the Year 
of Chriſt 53x, ſuch another Comet appeared 
in the weſt, of which Malela, perhaps an Eye- 
Witneſs, relates that it was wiyes x pobrgds, a great 
and fearful Star; that it appeared in the Weſt, and 
emitted upwards from it a long white Beam; 


and was ſeen for 20 days. It were to be wiſh's WM Mte 
the Hiſtorian had told us what time of the Year Wl 5! 
It was ſeen; but tis however plain, that the 
interval between this and that of 1 106, is near- t e 


ly. equal to that between 1106 and 1682, viz. ill »#! 
About 575 Years. And if we reckon backward Ml Co 
ſuch! another Period, we ſhalll come to the ef. 
44*h Year before Chriſt, in which Julius Ceſar wil 
was murder'd; and in which there appear'd al © 
very remarkable Comet, mentioned by almoſt 
.all the Hiſtorians of thoſe times, and by Pliny in 
his Natural Hiſtory, lib. 11. c. 24. who' recites 
the words of Auguſtus Ceſar on this occaſion, 
which lead us to the very time of its appearance, 
and its ſituation in the Heavens. Theſe words 
being very much to our purpoſe, it may not be 
amiſs to recite them. In ipſis Ludorum meorum 
diebus, ſydus crinitum per ſeptem dies, in regione Cæli 
que ſub Septentrionibus, eft conſpectum. Id oricbatur 
circa undecimam boram diei, clarumq; & omnibus 
terris conſpicuum fuit. Now theſe Ludi were de- 
dicated Veneri genetrici, (for from Venus the Ca- 
ſars would be thought to be deſcended, ) and be- 
gan with the Birth-day of Auguſtus, viz. Sept. 
23. (as may be collected from a fragment of an 


old Roman Calendar extant in Gruter, pag. 135.) 
and continued for 7 days, during which the Co- 
met appeared. Nor are we to ſuppoſe that it was 
ſeen only thoſe 7 days, but poſſibly both before 
and after. Nor are we to interpret the words 


ſub 
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ſd Septentrionious, as if the Comet had appear'd 
i the North, but that it was ſeen under the Sep- 
m triones or brighter Stars of Urſa major, And 
i; to its riſing Hora undecima diei, it can no ways 
e underſtood, unleſs the word diei be left out, 
i it is by Suetonius; for it muſt have been very 
ar from the Sun, either to riſe at five in the 
Afternoon, or at eleven at Night; in which ca- 
ſes it muſt have appeared for a long time, and 
ts Tail have been ſo little remarkable, that 
t could by no means be calFd, clarum & om- 
abus Terris conſpicuum Sydus. But ſuppoſing this 
Comet to have traced the ſame Path with that 
of the Year 1680, the aſcending part of the Orb 
will exactly repreſent, all that Auguſtus hath ſaid 
concerning it ; and is yet an additional argu- 
ment to that drawn from the equality of the 
period. Thus tis not improbable but this Co- 
net may have four times viſited us at intervals 


diameter of its Elliptic Orb will be found 
55755 /ß times greater than the annual Orb; 
or 138 times greater than the mean diſtance of 
the Sun; which diſtance tho immenſely 
great, bears no proportion to that of the Fix d 
ars. Ek 

I have lately found out a ready method to 
compute the motion of Comets in theſe Ellip- 
tic Orbs, of which perhaps ſhortly we may ex- 
hibit a Specimen, giving this Comet for an Ex- 
ample. In the mean time, thoſe that deſire to 
know how to conſtruct Geometrically the Orb of 
a Comet, by three accurate obſervations given, 
may find it at the end of the third Book of Sir 
Iſaac Newton's Principles of Natural Philoſophy, 
entituled De Syſtemate Mundi, in the words of 
its renawned Inventor. Which have ſince been 
* Eece 4 more 
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more fully explained by my very worthy Col. 
legue Dr. Gregory, in his learned Work of 
Aſtronomia Phyſica & Geometrica. 

One thing more perhaps it may not be im- 
proper or unpleaſant to advertiſe the Aſtrono- 
mical Reader; That ſome of theſe Comets have 
their Nodes ſo very near the Annual Orb of the 
Earth, that if it ſhall ſo happen, that the Earth 
be found in the parts of her Orb next the Node 
of ſuch a Comet, whilſt the Comet paſſes by; 
as the apparent Motion of the Comet will be 
incredibly ſwift, ſo its Parallax will become 
very ſenſible; and the proportion thereof to 
that of the Sun will be given. Wherefore ſuch 
Tranſits of Comets do afford us the very belt 
means, tho they ſeldom happen, to determine 
3 the Diſtance of the Sun and Earth: Which hi- 
3 therto has only been attempted by Mars in his 
| Oppoſition to the Sun; or elſe Venus in Peri- 
gæo, whoſe Parallaxes tho triple to that of the 

Sun, are ſcarce any ways to be perceived by 

our Inſtruments; whence we are ſtill in great 

uncertainty in that affair. This uſe of Comets 

was the ingenious Thought of that excllent Ge- 

ometrician Mr. Nicolas Fatio. Now the Comet 
of 1472, had a Parallax above twenty times 

greaterthantheSun's. And if the Comet of 1618, 

had come down, about the middle of March, 

to his deſcending Node; or if that of 1684, 

had arrived a little ſooner at its aſcending Node, 

they would have been yet much nearer the 

Earth, and cenſequently have had more notable 
Parallaxes. Bur hitherto none has threaten'd the 

Earth with a nearer appulſe, than that of 1680. 

For by Calculation I find, that Novemb. 11 Ib: 
6, P. M. that Comet was not above the Semi- 
diameter of the Sun to the Northwards of the 


Way 


ahh - do * ts « $7 ” 6h 2 | 
. * £ 1 
wi 8 AG * 


Aſtronomy of CoMETs. 905 
Way of the Earth. At which time, had the 
Earth been there, the Comet would havg had 
2 Parallax equal to that of the Moon, as I 
uke it. This is ſpoken to Aſtronomers : But 
what might be the Conſequences of ſo near an 
m appulſe; or of a contact, or, laſtly, of a 
hock of the Celeftial Bodies, (which is by no 
means impoſſible to come to paſs,) I leave to be 
diſcuſs'd by the Scudious.of Phyſical matters. 
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In which is ſhewn what will be the moſt remarks 
ble Phenomena of the World ; the Eye being ſup- 
pos d to he plac'd in the Sun, or any Planet or Sa- 
rellite' of a Planes, or in à Comet; where the 
reaſon of the ſeveral Syſtems of the World and 

f the Theories of ſeveral Phileſophers is ex- 

plain d, and the nature of them diſcover d.810. 


A Synopſis of the Aſtronomy of Comets. 
By Dr. E. Halley. 881, 


A Table of the Aſtronomical Elements of the 
Motions in a Parabolic Orb of the Motions that 


have been hitherto'duly obſerv d. 887. 
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Comets in a Parabolical Orbit. 888. 


oO RS Printed for John Nicholſon in Little- 
'X Britain, | 


r. Oꝛanam's whole Courſe of the Mathematicks, in 3 

Vols. with very many Copper-Plates, ws 
The Firſt Volume contains an Introduction to the Mathe- 
maricks, with the Elements of Euclid, The Introduction 
begins with che Definitions of the Mathematicks, and their 
moſt general Terms; which are follow'd by a little Treatiſe 
of Algebra, for underſtanding what enſues in the Courſe, and 
ends with many Geometrical Operations perform'd doch up- 
on Paper with Ruler and Compaſſes, and upon the Ground 
with a Line and Pins. The Elements of Euclid comprehend 
the firſt ſix Books, the Eleventh and Twelfth, with their 
Ules. 

In the Second Volume we have Arithmetick and Trigono- 
netry, both Rectilineal and Spherical, with the Tables of Sines 
Tangenrsand Logarithms. Arithmerick is divided into three 
Parts; the Firſt handles whole Numbers; the Second Fracti- 
PR ons; and the Third Rules of Proportion. Trigonometry has 

alſo Three Diviſions or Books; the Firſt treats of the Con- 
# ſation of Tables; the Second of Rectilineal; and the 
4. Third of Spherical Trigonometry : With rhe moſt Corre& 
he and Uſeful Table of Sines, Tangents, Logarithms, c. ever 
4 yet Extant. 

The Third Volume comprehends Geometry and Fortifica- 
tion. Geometry is diſtributed into Four Parts, of which, 
. the Firſt teaches Survey ing or Meaſuring of Land; the Se- 

cond Long imetry, or Meaſuring of Lengths; the Third 


: Plainimetry, or Meaſuring of Surfaces; and the Fourth Ste- 
a reometry, or Meaſuring of Solids, Fortification conſiſts of 
. Six Parts; in the Firſt is handled Regular Fortification; in 

the Second the Conſtruction of Our-Works ; in the Third 
. the different Methods of Fortifying; in the Fourth Fortifi- 


cation Irregular; in the Fifth Fortification Offenſive; and 
in the Sixth Defenſive Fortification: With the Tranſlator's 

. Appendix. 8 
The Fourth Volume includes the Mechanicks, (ro which 
is added, by way of Notes, what was thought proper our 
of Dr. Wallis's Works, c.) and Perſpective, In Mechanicks 
are 
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and illuſtrated with very many CUT S. The Two Volumes 
in French being contain'd in One, and ſold for 6s. 64, 


_dinary Caſes and Cures, by divers of our Surgeons, Cc. In 
the third and laſt Volume is a large Index to the whole. 
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BOOKS Printed for John Nicholſon, Gr. 
8 Three Books; the Firſt is of Machines Simple and 
-ompounded,; the Second of Staticks; and the Third of Hy. 
droſtaticks. Per ſpective gives us firſt the General and Fun- 
damental Principles of that Science, and then treats of 
Perſpective Practical, of r and of Shading. 
The Fifth Volume eonfiſts o 1 47 and Dialling. Of 
Geography there are Two Parts; the Firſt concerning the 
Celeſtial Sphere; and the Secoud of the Terreſtrial, Gno- 
monicks or Dialling hath Five Chapters; the Firſt contain 
many Lemma's neceſſary for underſtanding the Practice and 
Theory of Dials; the Second treats of Horizontal Dials; 
the Third of Vertical Dials; the Fourth of Inclined Dials; 
and the Fifth of rhe deſcription of the Arcs of the Signs, 
and other Circles of the Sphere on Dials. 
Every Volume being done by a Perſon well Skill'd in the 

Parr he undertakes: With Additions and Emendations, to 
make ir more uſeful to an Engliſh Reader. 


There is newly Publiſh'd. 
Ecreations Mathematical and-Phyfical, laying down and 
ſolving many profitable and delightful Problems of 
Arithmetick, Geometry, Opticks, Gnomonicks, Coſmogr «phy, 
Mechanicks, Phyſicks, and Pyrotechny, by Monſ. OE ANA, 
Profefſor of the Mathematicks in Paris: Done into Engliſh, 


HE Lord Clarendon's Hiſtory of the Rebellion in 6 Vols, 
in 80. bound up with all the Heads, being near 90 in 
number, that the Lord Clarendan gives the Characters of; 
done by the beſt Painters and Engravers, an plac'd oppo- 
ſite to their Characters; with 3 new and curious Maps, 
ſhewigg where each Action happen'd, mention d in the ſaid 
Hiſtory. :-As. alſo a Tra of King Charles's Eſcape from 
Worceſter. Alſo the Lord Clarendon's ſeventh Volume in 80. 


T* Here is now Publiſhed in three Vols: Biblia heca, Ana- 
| tomica, Medica, Chirurgia, &c. in to, with many hun- 
dred Figures, in about 30 large Copper Plates, in which 
every particular Part is deſcribed ; and all the Tracts of Note 
collected together: With a Collection of ſeveral Extraor- 
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